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Cargo Steamer on the Mississippi. 



PREFACE 



Thksk notes were compiled by the writer while on special duty on 
the Mississippi River for a period of six months under the orders of 
the Government of Knmlmv. the obieet of his deputation beinsr to 
study the practice of the Mississippi Engineers with a view to 
recommending the adoptiou uf sneh of their methods of scientific 
research and engineering principles as might be suitable to the Indus 
River, The special points to which attention was. directed by the 
Government of Bombay were as follows :-(*t) The methods of taking 
and recording scientific observations of the river regarding velocity, 
diseliarge, matter held in suspension, change in bed and water level, 
alluvion and diluvioN and reclamation of land, and the seientitie and 
other instruments used; (o) the manner in which the survey of the 
river is carried out, the maps and charts in use, and the maimer of 
recording changes of levels and currents on them ; (>•) the methods 
employed in dredging, elearing and blasting snags and removing 
obstructions generally, and the plant and machinery employed ; and a 
further comprehensive request was added that "any points of interest" 
connected with tin* river and it* conservation be brought to notice. 
The writer has endeavoured to uote briefly upon nearly all of the 
;,!l " vt *. but it has been impossible in the lime available to do justice 
tu s '* m|1 "I l In- subjects taken lip, which have been for many years 
problems for special study, experiment and development by river ex 
perts <d exceptional ability and experience. Owing however to the 
curtesy of the United States Officials generally, to the willing 
assistance and amount of information given by all district officers 
and to the special facilities placed ill his disposal, he has been 
able to obtain and bring together what may be called authoritative 
opinions on many previously disputed points connected with large 
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alluvial rivers and to describe some of the more important works 

of the Mississippi River in sufficient detail to fulfil the requirements 

of these notes. The writer had the privilege of accompanying the 

Mississippi River Commission on their Deeemher IS£)8 river inspection 

from St. Louis to the Gulf and of inspecting at different point- 

on the river many works of importance and interest, lie would here 

acknowledge the courtesy shown to him by the Hon. Mr. Meiklejohn, 

Assistant Secretary of War, by Genera] Wilson, Chief of Engineers, 

I'. S. Army, by General Gillespie, V. S. Engineers, President of the 

Mississippi River Commission, by the Members of the Commission, 

and by Colonel Stickney, U. S. Engineers, President of the Missouri 

River Commission. He is indebted to a great many of the River 

Engineers for information and assistance, particularly to Mr. Harrocl 

Member of the Mississippi Commission and Engineer, New I h'leans 

Drainage Works, to Major Handlmrv, I'.S. Engineers, to Mr. Ockcrsoii, 

Member of the Mississippi ( 'onnnission ami Special Engineer in charge 

of the Survey of the Mississippi, to Mr, Starling, late Chief Engineer, 

Mississippi Levee District, to Mr. Richardson, Chief Engineer) 

Louisiana, to Colonel Chittendan, I'.S. Engineers, to Mr. Waters Eo\ 

and Mr. Curry, and to Captains Townsend, Newcomer, Jervey, Winslow, 

District Officers, V. S. Engineers ; also especially to Captain Patrick, 

U. S. Engineers, Secretary of the Mississippi liiver Commission, and 

to Mr, Kivus Tally, Assistant Engineer in the Secretary's Office, to 

both of whom he had to constantly appeal for assistance in some 

shape or form. 

April 20th, 1899. 

E. K. DAWSON. 

/■',rf, h'iii/r., Bmnbiiy, mi sncfinl duty. 
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CHAPTER I. 

Introductory Iteiimrks — Drainage Basin— J^hawicter of the Lower Mississippi 
— I'mitnil iiml Organization— Senate IVjimuitlw el* 1*!>7. 

I NTKt >1 U'CTORY REMARKS, 

Sikch the publication of Humphrey* and Abbot's book on the 
Mississippi River in 1861, a great many investigations in different 
directions have been undertaken by the Mississippi Engineers. The 
river lias been systematically surveyed, special study has been made of 
its discharges, movement of bars, effect of training works, methods of 
bank protection, levee construction, &e. ; and upon all of these subjects 
Peports have been made by the Engineers to the Commission, or to the 
Chief of Engineers, U. S. Army. 

Many of these reports have been compiled in the Annual Reports 
of the Chief of Engineers. In addition, several specially valuable 
notes or papers have been written and separately published, amongst 
whieh may be particularly mentioned " Wheeler on Discharges," 
11 ( lopee on Hank Revetment/' " Oekerson on Caving Banks," " Star- 
ling on Discharge of the Mississippi River," "Starling on Floods of 
the Mississippi and its Levee System," " Corthell on the Mississippi 
Jetties," and " Oekerson on Dredging.* 1 

The writer does not propose in bis notes on the Mississippi 
River to give a digest of what lias been written up to the present. 
That would be too great an undertaking. But lie purposes noting 
particularly on special features of organization, survey, discharge mea- 
surement, methods ofeoiistruciinn, and results of experiments, whieh 
appear to him during bis inspection of the river as likely to be helpful 
t*» the Engineers of the Indus River. 

A brief description of the Mississippi River basin will assist in 
the understanding of what will be written, and will therefore be given 
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first. It is compiled from extracts of the Weather Bureau Report of 

1807 on the Floods of the Mississippi, prepared under the direction of 
Mr. Willis Moore, and from printed reports of the. Mississippi Com- 
mission, 

Through a faulty nomenclature, the Mississippi River is only 
2,485 miles in length. The Missouri is really the upper prolongation 
of the main river, the Upper Mississippi being one of the less important 
tributaries. From the source of the Missouri to the mouth of the 
Mississippi is 4,li)() miles, eonstitutinif prohahly the longest water-way 
in the world. It is navigable at certain seasons of the year for a 
distance of .'!,!> 50 miles. 
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DRAINAGE BASIN. 

The drainage basin of the Mississippi includes 1,240,050 square 
miles of territory, or over 40 per cent, of the total area of the United 
States, exclusive of Alaska. It embraces sis great natural divisions ■ 
the basins of the Ohio, Upper Mississippi, Missouri, Arkansas and Red 
Rivera together with the basin of the river From the mouth of the 
Missouri to the Gulf called the Central Valley. The boundaries of 
these sub-division* arc shown on map II, 

In percentages of the whole, the basins have areas as follows : — 
Ohio -IG, Upper Mississippi -13, Missouri '43, Arkansas '15, Red "07, 
Central Valley -0G. 

The Ohio River is <m;o ,„|.l miles in length, and may he said to 
tij,. oitlo Basin drain the whole of the Western Alleghany slopes, 

as well as a considerable tract of land south of 
the Great Lakes, tts ML at grade per mile is about -44 feet. Its 
Hood section at Paducah, 45 miles above the mouth, varies from 
liio.imn to 2int r 0(m square (bet. The maximum and minimum dis- 
charges recorded for that station are 1,233,000 and 42,000 cubic feet 
per second respectively. 

Tlie Upper Mississippi rises in Lake Itasca, west of Lake 
Ou r h ,, ■Hi«,.. 1| ,,. 1 . BHperfor, ami meanders through a winding course 
of 500 odd miles before it becomes navigable. The 
brad of navigation is at the falls of St. Anthony, 690 miles above the 
mouth of the Missouri, or 1,970 miles from the mouth nf the Missis- 
sippi. The fall in the navigable length averages '. r )0 feet per mile. The 
cross-sectiottofthe river at its junction with the Missouri is about 
100,000 square f,.,_. lr ']-[ u , maximum and minimum discharges recorded 
at Grafton, III., 42 miles above St. Louis, are 337,000 and 25,000 cubic 
feet per second respectively. 

The Missouri Basin is the largest of the six sub-divisions, but it is 

ifa Hi n u,„, f*> the *»* Tlw Vari ^y rf its topographical 

features is unsurpassed, comprising wild moun- 
tainous districts of the Eockies, barren treeless tracts at the foot of 

the bills, which change to fertile plains gently sloping towards the 
Mississippi Basin. The Missouri is navigable at certain seasons for a 
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length <j1' 2,670 miles. Its fall is i>7 Feet per mile, ami its cross-sec- 
tion at the mouth is roughly 7o,000 square feet. At Kansas City, 
Mo., ;j8<i miles above the mouth, the measured maximum and minimum 
discharges are given as 870,000 and 19,000 cubic feet per second 
respectively, while at St. Charles, '25 miles from the mouth, a flood 
of 600,000 cubic tret lias been measured. But it usually does not 
exceed 800,000 cubic feel per second. 

The Basin of the Arkansas Hivor is similar in its variety of topo- 
graphy and dryness to (lie Missouri. It is navb 
Ihe Arkun-:i- Basin. . , ., , . -„„ •) i ■ , i ■ i ,11 

gal ile for about (>j0 miles, aud m tins length has 

a fall of about t'r2 feet per mill'. Its cross-section, at high water, is 
about 50,000 square feefc, its discharge varies from 460,000 at high 

water to 4,000 cubic feel per second at low water. 

The Red River Basin is very similar to the Arkansas though 

smaller in extent. It discharges into the delta of 
K'-il River Bimiii, ,»*■»•••« ■ 

the Mississippi. At certain stages, though, the 

Reel discharges part of its water direct into the Gulf through the 

Atchafalnya Bayou, and can then hardly he classed as a true friluitary 

of the Mississippi. Its maximum discharge is 22B,000, and minimum 

4,000 cubic feet per second. 

Tile Central Valley includes the small hasius which are drained 

by direct tributaries of the Mississippi south of 
Centra] Valley. ," — . ,. ,. , . ,. 

the Missouri, logcther they form a strip ol 
country nowhere exceeding 20G miles in width, and terminating in the 
delta. The only important streams are the St. Francis and the Yazoo, 
draining the two basins of the same names. Though the area included 
in the valley is small, the annual precipitation over it is heavy and the 
watercourses are short : consequently it cuntrilmtes considerably to the 
discharge of the Mississippi, being exceeded only by that of the Ohio. 

Flood discharges of :}7;},000 and 1 01,000 cubic feet pel* second re- 

spectively have been measured on the St, Francis and Yazoo, and in 
1897 *he flow down the hasm of the St. Francis Mas as much as 
580,000 CUlae f.-d per second. Of this, however, a < siderahl,. 

portion \\a> overtlow from the Mississippi. 

Mr. Moore divides the Central Valley into six districts. The 

SuWitklonn of ilm n *-st shown as A on (he map is the country ex- 

, ' cm, ' J ' 1 V: tending from the mouth of the Missouri to Cape 

Girardeau. Mo. on the right hank, and to the mouth of the 0hw 
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the left bunk. Tlir whole region is hilly on the right bank, and con- 
tains no land liable to inundation. On the left hank what is known us 
the American bottom between the mouth of the Missouri and the 
Kaskashia is liable to inundation in high floods. 

The next sub-division, marked as B, is fche St. Francis Basin, ex- 
inn ling from Cape Girardeau to Helena, Arkansas, on the right hank. 
It has an area of 10,500 square miles, one-third of which is hilly and 
two-thirds is low swampy land, known as fche St. Francis bottom. 
The bottom la nearly level, hut slopes towards the west, away from the 
Mississippi with tin average grade of six inches per mile, and from 
north to south about nine inches per mile. From Point Pleasant south 
for V2, r ) miles a levee borders the river. 

The third sub-division lies between Cairo, 111,, and Memphis on 
the left bank, and consists of hilly country with bluffs running close 
to fche river. Tlie greater part of it is drained by the Obion and 
fcfatehee Rivers. Of the whole urea of 10,000 square miles only 
aboul 600 is liable to inundation 

The fourth sub-division marked 1) is the Yazoo hottom. extend- 
ing from below Memphis to \ u-kshurg on the left bank. Like the 
St, I'Vnnris it slopes away from the Mississippi and descends to the 
south. It is a heavily timbered alluvial plain [30 miles in length by 
70 miles in width at it* broadest part. The Yazoo, which flows 
along the eastern boundary of the bottom, drains about 14,000 square 
miles. The hottom liable to overflow is about 6,650 square miles 

in area. 

The fifth sub-division is on the left hank between Vicksburg and 
Baton Ji.oiige. This area is hilly, and out of a total of 7,250 square 
miles only -ton odd an- liable to overflow. 

The last sub-division is the I Vila, namely, all that alluvial region 
which stretches southward from I lie Red I fiver. It is marked F on 
I lie map. 

Tin- Tensas bottom, extending from the southern border of the St, 
Francis to the Red River, about 5,000 miles in 
extent, is similar to the fet. firancis andxaaoo 
bottoms. It is chiefly drained by Bayou Tensas, a feeder of the Black, 
the most important tributary of the Bed River. Its area is included 
in the Arkansas and Bed River basins, and not in that of the Central 
Valley. 
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The Delta is a low swampy region, L2,00() square miles in extent, 
intersected by countless bayous, About 4,000 
square miles arc a sea marsh, and 10,000 out of the 
12,000 are liable to to be overflowed. The main drain of the Delta is 
Bayou Atehafalaya, which leaves the Red River above its mouth and, 
flowing south through Grand Lake, reaches the seaat Atehafalaya Bay. 
Bayou Plaqueniine formerly left the Mississippi ^n miles below Baton 
Rougeand connected with the Atehafalaya, but this Bayou was dosed 
by the Mississippi lev&e board, Lower down, at 80 miles above New 
Orleans, the second great drain of the Delta, known as Bayou Lafour- 
che, leaves the Mississippi at Donaldsonville, This Hows south and 
south-east and discharges into the Gulf between the mouths of the 
Atehafalaya and the .Mississippi. 

The Mississippi itself continues between its own hanks through 
the Delta as a well-defined and tolerably stable channel, till it reaches 
what is known as the "Passes." There it divides into three distinct 
channels, known respectively an the south, south-east, and south-west ; 
the middle or south pass being the navigable channel, which has been 
deepened and been kept open by the construction of jetties at its 
mouth and by dikes throughout its length and at its entrance. 
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STATES. 

Illinois, 65. 

Missouri, 2874. 

"Kentuckv, 125. 

Tennessee, 453. 

Arkansas, 4652. 

Mississippi, 6926. 

Louisiana, 14695. 

Total sq. miles, 29790, 
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CHARACTER OF THE LOW EH MISSISSIPPI. 

Fkum the mouth of the Missouri to the Gulf of Mexico, a dis- 
tance by water of 1,280 miles, the river is designated as the Lower 
Mississippi. Km' most of this distance its course is through an alluvial 
plain Mr. Moore states that the alluvion rarely exceeds 40 feet in 
depth, ami is n mil ■Haiti hy a hard Id tie clay. The extent of this 
alluvial region is shown on map III. Tim immediate banks of tho 
river are higher than the land further hark, which For the most part is 
helow higb-water level. Tb« slope of the adjoining laud is about 
7 feet per milt 1 in tin- first mile, diminishing until the swamp is 
reached a few miles hark from the face of the river. 

The direct distance from the bead of the plain to the mouth is 
less than 600 miles, hut by the tortuous river channel it exceeds i.ioo 
miles, 

Humphreys and Abbot state it carries sediment to the extent of 
ri*W* V >iyi " l its weight by water. 

It is a turbulent stream, eating away its hanks in the bends, 
building and destroying islands ami bars in its channel, and occa- 
sionally making great changes at cut nfl's ut' large humls, whieh tem- 
porarily alter the length of river in which they occur hy several miles. 
In its course through the alluvial plain the Mississippi decreases 
in width and increases in depth, while its Hood 
cross section changes butshghtly. Humphreys and 
Abbot give the cross section from Cairo to the Passes as 191,000 to 
200,000 square feet ; ami widths at Cairo to Arkansas 4,470 feet, 
thence decreasing to the Passes to 2,470 feet, with maximum depth of 
87 feet at Cairo, increasing to 130 feet at the Passes. Later .surveys 
show still more marked greater depths in the lower reaches. 

The elope of the water surface of average stages of the river is 

Sl given by Mr, Moore, hy reduction from guin*e 

readings, as follows: — 

Fmm St. Louis to t'niro. 1 1 » I miles, '528 (Vrt per mile, 

„ t'iiiro to Memphis, 23u „ --ma 

„ Memphis to Vwksburg, 8t>9 .. -^53 

„ Vje&sborg to Cfcurollton, 858 ., -I7;i 

„ Currollton to tht« Gulf the slope U very plight 
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From iJio Chief of Kn^ii rs' Report for 1897, which gives the 

elevations m1' tin- maximum stage of the 1 H '. ) 7 Hood at different 
gauge stations, the fall ef surface, or slope jut mile of fcep water at 
different gange stations, is as follows: — 

I'Ynin (';iinitn \h'iii]ilii-, "438 feet ]»'!• milt'. 

,, Memphis to Vieksburg, •;>;;! „ ,, 

Vtcksfairg to Cartolltort, ':21a .. ., „ 

( 'iirrnlltuii ( i Port Jackson, '1BJ „ „ ,, 

From Fort Jackson, twenty miles above the head of the .Passes, 
f<i Ha inn Rouge the river is leveed, or embanked, on 
both sides. Then <ui the east, or left hank, there 
i.s no levee till the Yazoo bottom is readied On the west, the lever 
Continues to the Red Kiver, thenee after a i^ap of ahont thirty miles 
it extends to a point twenty-five miles below the Arkansas River, and 
is again continued from above the Arkansas to Helena. Further 
north the St. Francis levees be^in and extend to Point Pleasant, Mo, 

The average annual rainfall or precipitation on 
the various watersheds is given hy Mr. Moore 
as follows:— 

Ohio Basia, 14*1 incha*. Arkansas Basin, I'iri; inches, 

Ujipr Mississippi, 31*3 .. Ii< l il ,, HJI'l „ 

Missouri Basin, UN ,. Centra) Valley, 51*4 

Mr. Moore estimates the total downfall of water on each basin 
and then he practically assumes the ratio of run-off of each though 
based upon figures given by Humphreys and A-bbot, and calculates 

the total annual discharge. Proceeding in this way he arrives at 
the run-off, in hi II ion cubic yards, of each basin as follows :— 

Ohm Basin 230 b.c. ytls, Arkansas Basiu 71 l>.c. yds, 

Missouri .. [Si ,. Kod „ U7 „ 

IJppur Miss i"i]i|ii ,, 125 M ( 'falral Viillny „ U!7 „ 

The total for the Mississippi above the Red River is 718 b.e. 
yards, or including bayous he puts the total annual discharge of the 
whole Mississippi River at 785,000,000,000 cubic yards, nearly exactly 
one-fourth of the precipitation over the whole drainage urea 

Though it is conceivable thai a flood might occur in the Lower 
Mississippi from heavy precipitation over any of 

J- Uh«1*. I I i • 

the great contributory basins, the great source of 
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11 Is is the Ohio. The heaviest rains of spring fall upon the steep 

slopes from the Alleghanies at a time when the normal rise of the 
Lower Mississippi brings the river almost to the danger line from 
Cairo to the Gulf. 

The heavy rainfall over the great swamp region of the Central 
Valley is also an important factor in producing floods, and the next in 
importance is the Upper Mississippi, vhurh, though not capable 
it sell' of producing a ilood, can discharge a volume of water suffi- 
cient to prolong the high water and increase the overflow caused 
by the Ohio. 

Mr. Starling, in his paper On Floods of the Mississippi, says : 
" Tin! Ohio and its tributaries constitute a system by themselves." 
lie divides the tributaries of the Mississippi into the " Eastern ami 
Western systems. To the former belong the Ohio and its affluents 
alone; to the latter the Upper Mississippi, the Missouri, ami usually 
the St Francis, White, and Arkansas. So far as is known 
all these streams have never been in extreme Hood at the same time. 
Such an ominous conjunction would produce a discharge of more than 
8,000*000 cubic feet per second, which would be almost twice as great 
as has ever been observed. But it has often happened that a great 
Hood from the Ohio has met at Cairo a moderate freshet from the 
Western streams, or that a May or June rise from the Upper Missis- 
sippi and Missouri has encountered the crest of a late freshet in the 
Ohio. In either of these cases may and do occur Hoods in the lower 
river by the, powerful and decisive aid of the Ozark streams. In fact, 
it is quite possible' for a very great Hood in either the Eastern or 
Western system, combined with merely an average stage in the other, 
to produce very high water hclow the mouth of the Arkansas," 

Speaking of the great flood of ISU7, be says that "of the 
L,570,O00 cubic feet per second, which passed Cairo at the time of 
maximum stage, 1,200,000 or 70 per cent, came from the Ohio. The 
discharge was increased below Cairo by the tributaries, by about 
200,000 cubic feet per second, bringing the total of the river up to 
1,750,000. Though the Upper Mississippi and Missouri were not 
especially instrumental in hrin^itig about the highest stage at Cairo, 
tlay were responsible for its prolongation. As the Ohio slackened, 
they increased their supply, until it amounted to nearly half of the 
win ile." 
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To obtain the eurrcet aggregate maximum discharge of the basin 
of the Mississippi, it is necessary to combine the 

High-stdgti ilischarjre. ... „ . - . '. 

discharges 01 the Atehafalaya, winch serves as an 
nutlet to the si'ii t'nr iivrriluw of the lied and Mississippi Rivers, and 
of the Mississippi at lied Kiver Landing. The maximum dis- 
charge recorded at Red River Landing is 1,595,000 cubic feet per 
second, observed in 1882, in which year that of the Atehafalaya was 
280,613 cubic feet per second. But a closer examination of the high 
discharges of the twoshowsthat the maximum oombination is given 
on May the 7th, l B90, when the Red River Landing discharge was 
1,453,000, and the Atehafalaya was 472,755 cubic feet per second 
(latter obtained by interpolation from discharges of May fith and nth) 
giving a total of i, 925, 755 cubic feet per second as the maximum 
measured outflow from the Mississippi Basin; 

The least discharges recorded by the Mississippi Commission are 

as follows: At Cairo, H -t,000 cubic teet iter second 
bow-stage Discharges. • «■ —n ■ a /•» i l m i i «• < • 

in 1891; at Columbus, twenty- one miles below Cairo, 

7 1,000 cubic feet per second ; at Old Town Bend, 325 miles below ( mm, 
77,000 cubic feet per second ; and at Red River Landing, 765 miles 
below Cairo, 94,000 cubic feet per second, all in 1897. The discharges 
of the Mississippi River may thus he said to vary from 94,000 in low 
water to 1,925,000 cubic feet per second in high water. 

The oscillation of the stage or water surface of the river is over 

fifty feet at Cairo, Helena, White River, Vicksburg, 

and Watches, the latter being 700 miles below 

Cairo- At Baton Rouge, 835 miles hcluw Cairo, the oscillation is 

still forty feet odd ; thence it quickly decreases to less than twenty feet 

atCarolltoii near New Orleans, and from that point gradually lessens f<> 

only a few feet at Fort Jackson. Beyond ibis, it is little more than 
that dm' to tidal inlluciice. 

The average tide at Port Ends is only about 15 inches daily. 
Spring tides rarely exceed 2o inches in height. 




River Steamers, New Orleans. 



CONTROL AND ORGANIZATION. 

From Port Esuls to the head of the Passes the river works are 
in charge of an officer uf the Corps of U.S. Engineers, directly respon- 
sible to thu Chief of Engineers, U.S. Army. From the head of the 
Passes to Cairo, a length of 1,060 miles, the expenditure of appropria- 
tions granted hy Congress is under thu control of the Mississippi Commis- 
sion, who are responsible to the Chief of Engineers for the conserva- 
tion of this length of the river, known as the Lower Mississippi From 
Cairo to tUe mouth of the Missouri River/ constitutes a separate charge 
held by an officer of tihe U.S. Corps, under the Chief of Engineers, the 
present incumbent, Major Handhury, being also a memher of the 
Mississippi and of the Missouri Commissions. The Missouri is 
managed hy a separate commission. The other tributaries tire held as 
separate districts by officers of the Corps of Engineers directly under 
tlie Chief of Engineers. 

The Mississippi River Commission was organized in 1870, since 

Tim Kteabdwii which date, under their supervision, a survey of 

commit™. t | ie river, scale 1 to 10,000, lias been made from the 

head of the Passes to Cairo and thence up nearly to St. Paul, 

Minnesota. 

In addition to general admit list ration of funds, the Commission 
have given special attention to discharge and other observations, taken 
with the view ()f obtaining physical data regarding the river. They have 
expended very large sums on different descriptions of hank revetment, 
oikI are still investigating the question of protection of caving hanks in 
the hope that sonar method may be devised for accomplishing this 
purpose, which will he within practical limits of expense. 

The final object of the expenditure and their investigations is the 
improvement of the low water channels of tin* river and the protec- 
tion of the country front fiood. Where formerly the depths over 
bars was five feet, or even less, the channels at low water have 
now a minimum depth of eight feet. It must lie admitted however 
that, so far as the writer could learn, the greater part of the progress 
made of late years is due to the successful working of the hydraulic 
dredges, and hut little, especially in the lower reaches of the river, to 
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dike or hurdle work of any description. In tin.- upper reaches of tin' 
river above Cairo there is no doubt though that the hurdle work so 
extensively earned out there has given good results. 

Tin- length of river under the control of the Commission is 

divided into four districts each held by an officer 

nuirici I'limroJ , . TT ,, f .. .,,.,, 

oi tin') V. S. 1-orps, with civil experts as assistants, 

The expenditure on levees of funds allotted by Congress is under the 

control of these Officers, but large sums are also spent upon the levee 

system by the local States concerned. The hater are controlled by 

the State Engineers. It will thus he seen that then' is a sort of dual 

control of the levee system. 

The Commission are practically the advisers both of Congress 
ami of the local States, though they have no control over the expen- 
diture of the latter. It is, however, said that all concerned work 
together most harmoniously for the common good. As I'm- as answers 
to questions on such matters eonld be obtained, the writer gathered (hat 
it is generally admitted that complete control by the central govern- 
ment Of all expenditure on levers would he preferable, now that it is 
recognized that the maintenance of tin- levee system should be consi- 
dered as a whole and not in independent parts. 

The Commission consists of three officers of l\ S. Corps of Engi- 
neers, two Civil Engineers, one Officer Coasi Survey, 
'"'"'C^Vii'ssiMn."' :im ' °We representative of the legal profession, with 
an officer of the Corps of Engineers as Secretary. 
The office of the President of the Commission is in New York, but 
that of the Secretary is in St. Louis. In addition to his Commission 
duties the Secretary has the management of discharge observations 
and dredging, as well as the direction of the survey operations. The 
President <»f the Commission is the senior member belonefing to the 
Corps of Engineers. 






SENATE COMMITTEE OF 1837, 

A special committee was appointed l>y tlie Senate in March 1897 
to investigate and report upon the causes and prevention of floods 

<m the Mississippi. The following interesting conclusions are taken 
from a newspaper synopsis of their report published December LB98. 

(I.) Nothing in the evidence obtained by the committee die- 
closes the fact that the destruction of timber near the head waters of 
these river systems bends to cause or promote floods. 

(2.) Reservoirs in the head waters repress fco some extent floods 
in river bottoms of the head waters, hut have nu material efi%o< upon 
floods or navigation on tin.- lower reaches, of the river. 

(3.) Sites do not i-xist for reservoirs of size suflieienl to with- 
hold and control the great freshets on the lower river. 

(4.) The experience of 1806 indicates that a complete enclosure 
of all the river hasins. with levees will necessitate the raising of the 
Lousiana levees by three to four feet, and of the Yazoo levees hy four 
to six feet. 

(:>). The completion of the levee system, from the head of St. 
Francis Basin to the head of the Passes, is estimated at from eighteen 
to twenty million dollars, with which expenditure the committee con- 
sider that levees suftieiently high and strong can be constructed to 
afford complete protection.* 

(G), Such good results in assisting navigation have heen obtain- 
ed with thu new hydraulic dredges that the committee recommend 
ample provision be made for continuing this work. 

(7). The opinion is expressed, that in view of the great cost, 
comparatively great taking into consideration the results, it would be 
more judicious to limit revetment work to levee and harbour protec- 
tion. Revetments arc undouhtedly very efficacious, but the cost is so 
immense that a systematic application of them is scarcely warranted. 
Contraction hy means of jetties, dikes, and dams, supplemented by 
dredging, seems to have given the best results with the least eost. 

(8). The improvement of the south-west pass by the construc- 
tion of jetties at its mouth is recommended as the best means of ob- 



' The expenditure on i-v..-. »p to tbe present, b quoted at f*7,5GO,0w. 
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taining a deeper and broader channel to meet the wants of modern 
vessels drawing from 27 to 30 feet of water. 

(9). The systematic improvement, by reaches, of the Missouri 
River is recommended to induce on it traffic by steamboats and barges 
in order to render it impossible for railroads to monopolize freights. 




River Front, New Orleans. 



CHAPTER II. 

Survey of the Mississippi River — Ganges — Discljar^e Measurement— Sediwitot 

Observations, 

SURVEY OF THE MISSISSIPPI RIVER. 

Between 1870 and 1883 a general survey of the river from Cairo 
to Donaldson ville, 885 miles, was made under the directions of the 
Mississippi Commission, ami since the latter date it has been com- 
pleted south to the Gulf and north for a considerable length erf the 
Missouri and up the Mississippi as far as St. Paul. 

The objects of the survey are, as stated in instructions issued by 
the Commission, "to obtain sufficient data for an accurate topographi- 
cal and hydrographieal map, which may be used in studying the 
physical characteristics of the river, planning improvements, and also 
serve as a basis for future surveys by means of which the changes in 
bed and banks may be ascertained and their causes and effects 
studied." 

Mr. Ockerson who, as Assistant Engineer in the Secretary's office, 
had charge of these surveys, explains, in the introductory remarks of 
Ins paper on erosion of river banks, that it comprised a system of 
secondary triangulation, by means of which stone monuments were 
located at different intervals along the river to serve as initial points 
for all future surveys. On these points careful topographical surveys 
were based, and additional stone survey marks set, marking sections of 
the channel at intervals of three mites along the river. On these 
lines there were usually placed stones, two on each side of the river, 
at distances hack from the bunks of one-quarter and three-quarters 
of a mile respectively. These lines are called "stone lines." 

A line of precise levels was also carried along the river' and per- 
manent bench marks fixed, !"nnn which the elevations on stone lines 
and secondary points were derived. 

Thus a large number of points have been established, the position 
and elevation of which are well determined. 

By using these fixed points in new surveys it is an easy matter to 
determine with great ueeunn-v change* in the hank lines. 
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Tl riginal plates of the surveys are on B scale of 1 to 10,000 ; 

these aiv reproduced as printed map;- on a -rule of I feo 20 t 000. In 

addition, the commission have published a general map of thr river, 
scale one inch to the mile, and a still smaller scale map one inch to 
five miles. A reduced sample sheet is given opposite. The larger 
scale map is probably the finest, most correctly and completely finished 
river map ever published. 

Regarding this special survey work of the Commission, Mr. Coppee 
in discussing Mr. Starling's paper on Discharge of the Mississippi, 
remarks : " The investigation relative to t In* physical phenomena of the 
Mississippi River instituted ami being earrieo* on by the Mississippi 
River Commission is an engineering work second in importance 
to none that has been undertaken in the present century." 

Where the secondary triangulation stations arc more than three 

miles apart a tertiary system is laid out, riving 

points on either bank at intervals of a mile or so; 

these form the basis of the topographical survey. The river ends of 

the stone lines are made points in the tertiary triangulation system. 

The detailed topography rovers a belt on each side of the river, in 
wooded country or on blurt's about one half to three- 
quarters of a mile wide, and m open country from 
one to two miles in width. 

In this area arc located with transit and stadia all points needed 
to accurately plot important features on a scale u( I to 10,000. 
Beyond the above limits outline surveys are made delining streams, 
lakes, the: foot and crest of bluffs, within a limit of ten miles of 
river. Within the limits of the detailed area are located thr top 
and bottom of the river bank, the shore line of islands and burs, 
banks and water lines of all waterways and lakes, approximate 
Hmits and kinds of cultivation, and forests, roads, levees, houses, 
fences, etc A sufficient number of elevations are determined on the 
bottom lands to admit of plotting contours five feet apart. When 
the rivrr is at a high stage the survey is confined to hurt's and lands 
above overflow, until Mich time as the stage is favourable for hydro- 
graphy and Survey of the bars and low lands; ihcn the ground is 
gone over a second time 

All water gauges are connected by levels with i he nearest precise 
level bench marks. 
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The topographical survey is curried out entirely with transit 
instruments and stadia rods, the plain table not being used at all. A. 
quick observer will keep two or three .stadia men busy giving him 
points in Hat open country ; both chain and levelling instruments are 
dispensed with. The rate of progress by a well organ ized party is 
claimed to be far ahead of that usual in any other system, while hori- 
zontal distances are as accurately obtained, as a rule, as by the chain, 
and levelling may be dune within a few tenths of a foot in a mile, 
sufficiently accurate for topographical purposes. 

Topographical survey by this method, the writer believes, could 
he taught with advantage to the Public Works Department in the 
Indian training colleges. Certainly no better results could be desired 
than those obtained by the surveyors of the Mississippi Kiver.* 

Tiie hydrographk' survey of the river includes the cross sectioning 
between banks at about, every 250 meters length 
of the channel, m addition to detailed survey or 
bars, bends, crossings, etc , where special information is required in 
connection with proposed works of conservation or protection. The 
fixed points of reference for the survey are connected with the fcrian- 
gulation of the topographical survey ; in fact the topographical and 
hydrographicul surveys are carried out simultaneously in the Original 
survey of the river. 

Cross sections are token on sounding or range lines normal to the 
streams and numbered consecutively. The character of the bottom 
is determined by menus of a tallowed lead, On all crossings sufficient 
soundings are taken to determine the least channel depths between 
pools. For sounding* less than in feet in depth a pole divided into 
feet and tenths Is used ; in water from 10 to 20 feet in depth a 10 to 
12 pound lead, and for greater depths a 15 to 20 pound lead. The 
line is of hump, g- of an inch in diameter, with leather or cloth tags 
at every foot of length, and special tags at the 10 feet points, 

The cross section line is fixed by arranging posts in line or in 
range along the bunks of the river, two on each bank where it is of 
great width ; hut in narrow reaches merely two posts on one side 
suffice to keep the range on which the soundings are to be taken. 



' Fur iiiufL' detailed information "ii the prftolioi- full.wi-.l Lti tits Sumy "i lltu Mississippi, sot \[ - 
jiendix A — " Instructions tA Assisemt Engineers ,m.l othtrs for Field Wonk— Bnrv»y of tin' Mississippi 
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Different methods are adopted for locating soundings; the com- 
mon practice is to locate as many as possible by 
angles read simultaneously between located points 
on shore with two sextants in the sounding boat. The location of in- 
termediate soundings are interpolated by taking them at time inter- 
vals, or the soundings are located by intersect ions obtained by Lwo 
transits observing from different points on shore. 

It may be useful to describe here more fully the different methods 
of locating soundings adapted to different conditions and objects, 
Quoting from Mr. Johnson's concise article on ibis subject: "The 
location of a sounding can be found with reference to visible known 
points by (l) Two angles lead ;it ttxed points on shore. (2) Two 
angles read in the boat. (!\) Taking (he sounding ou a eertain range 
and reading one angle either on shore or in the boat. (4) Sounding 
alone; a known range, taking soundings at known intervals of time 
while rowing at a Uniform rate. (5) Taking soundings at the inter- 
section of fixed range lines. (n'j Means of cords ur wires stretched 
between fixed stations, these having tags where the soundings are to 
be taken." 

(1) Two angles read on shore, If two instruments be placed at 
two known points on shore and the angles subtended by some other 
lixed point and the boat bs read by both instruments while the sounding 

[a taken, the intersection of the pointings to the boat, when plotted 
on tlie chart containing the point of observation, will be the plotted 
position of i he sounding. When the angles are read shore signals 
should usually be given preparatory to taking a sounding and also when 
the sounding is made. If, however, soundings are taken at regular 
intervals, preparatory signals may bu omit led, and the tlae shown only 
when the sounding is taken. The instrument may be set to read zero 
and pointing to the fixed station to simplify the reading of tbe angles. 
Tile objection to this met bod is that it requires two observers, who 
must be transferred as the work proceeds, in order to maintain good 
Intersections, or in order to see the boat at all times, 

(2) Two jingles read in the boat. Two angles read in tbe boat to 
three points mi shore whose relative positions are known give what is 
called ' the three-points problem." If the three known stations be 
plotted in position, and the two observed angles be carefully set on a 
three-armed protractor, then, when the three radial edges coincide with 



( 19 ) 



the throe stations, the centre of the protractor circle corresponds to 
the position of the point of observation. This is the common method 

of plotting soundings. (When two sextant angles are read from 
the sounding boat, a special double sextant can he used with great 
convenience. That known as Wood's had been devised to read both 
angles simultaneously. ) 

This moth' id of locating soundings is used by both the American 
and British hydrographie departments for coast surveys. Where a 
double .sextant is nut available tor river work, two sextants, with two 
observers, an.' ad visa I tie in order to obtain correct results. 

(3) One range ami one angle. In this method a base line is set 
off along the shore from the end of which angles arc read while the 
boat is kept on the range line. 

{ f | One range and lime intervals. This method is suitable only 
for soundings in still water where a boat can be pulled with uniformity 
of speed. 

l. r >) By means of intersecting ranges. This method is adapted to 
the case where soundings are to be repeated many times at the same 
place, and is commonly adopted when the object is to study the 
changes occurring on the bottom, or for measuring discharges on the 
cross section of the river, where it is essential that successive sound- 
ings should coincide in position. 

Range posts are fixed oa the line of the section, then a series of 
ranges are marked out from a pivot point some distance above or 
below the section, and the intersections of the pivot, ranges with the sec- 
tion ranges give the sounding points. The soundings can then be made 
at the same points continuously without observing any angles at all. 

The marginal sketch explains itself. 
A. 1>. is the range line. (). O. are pivot 
points. Pules i, 2, B, 4, etc., are so 
fixed that in range with the pivot points 
they give intersections with A. A. or 
11.11. at the sounding points, 

( r; ) By con Is and wires. This method 
is only applicable to a narrow channel 
across which graduated lines or wires 
can be stretched to locate the position 
of soundings. 
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In a moderate current, soundings may be taken from a row boat 
of the cutter pattern, having in the bow a rough 
plattorm tor the Leadsman t<> stand on. ine crew 
would consist «►(' six oarsmen, with two observers and one recorder, one 
of the observers acting as coxswain. In depths up to do feet sound- 
ings have been made without cheeking the boat, the leadsman easting 
the line far enough forward to enable him to reach bottom by the time 
the line becomes vertical. 

When the depth or current make this impossible, soundings are 
taken while drifting without entirely drawing up the lead. Km* 
.soundings in a strong current a steam launch which can be held on the 
range line without difficulty is preferable, 

A launch or steamboat is almost always used on the Mississippi 
For current meter observation taken in conjunction with soundings f"« >*■ 
discharge measurements. 

In addition to survey work for the preparation of the regular 

charts of the river referred to above, it is customary 

*.iiii],!i'in.-i!ti\ry Sorrayg. , . - „,, , . * 

to make regular fall surveys ol roaches ol the river 

iti which any special improvement works are being, or have lately been, 

carried out, in orderthat the effect and condition of such may be 

watched. For instance, to secure accurate data showing in detail the 

configuration of accretions and bottom, as well a* direct inn and 

velocity of flow mar permeable dikes constructed in 1K1>7, a party was 

organized and continuously engaged for over two months on a special 

reach of the Missouri River. 

Levels were run to show the dry contours for each foot in eleva- 
tion of accretion on both banks ; several sets of located soundings on 
Special parallel ranges, fifty feet apart, were made. Two or more sets 
of very careful soundings were made about the head of each dike, five 
feet apart for a distance of 200 to '250 Feet, on lines radiating from a 
point on the dike at the shore line or near its outer end, The radial 
lines were uniformly three degrees apart, and within the stated radial 
limits all of the waterway at each dike was sounded. Thus, at dike 
No. 2 the space sounded covered the area included in a circle too feet 
in diameter. 

The soundings were made from a skiff at tags spaced 5 feet apart 
on a steel cable. The cable was stretched taut from a pin at the centre 
Tor the radial lines to a skiff anchored in the stream, the skill", by 
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means of. a system of anchors and buoyed lines, being firmly held in a 
fixed position which could be adjusted by means of reels to the exact 
radial line indicated by a transit set over the centre, On both reaches 
several sets of current floats were run past the dikes, and their paths 
and velocities noted. 

From the notes made twenty charts were plotted, and of these six 
were selected as good examples for study of the influence of permeable 
dikes upon conditions of flow. Mr. Fox says that the relation 
between dynamic head and velocity, us algebraically expressed by 
(H = f) is hardly more positive than the train of affects that follow a 
given head of a permeable dike in the Missouri Kiver, and are made 
manifest in the configuration of the bottom and current lines, 

For example, the reason for the formation of a middle ground in 
a teach of improved river, the banks of which are defined by dikes, is 
made apparent ; and it is also an observed fact that mid-How is attract- 
ed rather than repelled. 

Some special survey is always necessary for the location of the cut 
to be dredged through a bar on a crossing, or between 
two pools for the deepening of the channel. The 
writer was much struck by the speed at which such .surveys are made. 
The men employed on this duty are, however, thoroughly trained and 
very competent. A party in one and a half days can completely survey 
and plot close-soundings over a length of from one to one and a half 
miles of river. The writer saw results of a survey made by one party, 
in which 750 odd soundings were taken in five hours and the .survey plot- 
ted by the evening of the same day on which the soundings were taken. 
Before concluding his remarks on this subject, the writer would 
draw particular attention to the manner in which 

KxrL-|ll!Ill Shllt llH-lll' ;l \f • ■ ■ 1>' fill t .,i 

Mississippi Unp*. the Mississippi Kiver maps are got up. Ihe litho- 
graphed maps, scale 1 to 20,000, are on a reduced 
scale facsimile reproductions of the original charts of scale l in 
10,000. The excellence of their style ami finish is largely due to the 
uniformity and neatness of the convention;!] signs and to the absence of 
freehand work in the lettering and figuring of the original maps. All 
of this filling in of signs, lettering and figuring is done by a stencilling 
outfit specially designed by Mr. Oekersou. 

The appearance of a map or chart, on which a great number of 
figures of soundings and conventional signs are shown, depends largely 
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on tin' uniformity and style of the work. The writer .saw tin* outfit 
being used, and Mr. Clark, Assistant Engineer in charge of the Map- 
ping Department, Mississippi Commission, assured him that the speed 
ai which lottering and figuring could be done with this outfifcon a chart, 
scale i to 10,000, is at least 50 quicker than when done by hand, 
and the mapping work compares oven more favourably. While, there- 
fore, the results are so much better, the writer has no hesitation in 
recommending any mapping department to use Mich a stencilling outfit 
as the "Ockerson." The rollers would, of course, have to be made 
in suit the circumstances of each case, to embrace the conventional 
signs required. 

The complete outfit consists of a mapping device for conventional 

n»c« .,,:) signs and a printing and lettering device. The 

former provides rollers to give impressions of the 
different conventional feigns and the latter type letters anil numbers in 
variety. 

In a paper read before the American Society of Civil Engineers 
in 1895 Mr. Ockerson d^als with the desirability of obtaining uni- 
formity of style throughout a scries of maps, and describes the expe- 
riments he made with ditl'erciit devices for printing conventional signs 
and letters for the projection of the survey of the river from Cairo to 
Donaldsonville, covering 2,800 square miles of country, and finally- 
the production of his outfit to meet (he requirement, In order to 
secure a uniform impression all over the maps, it proved necessary to 
use a stamp with a hard surface, which has also to be sufficiently elas- 
tic to print through a stencil. 

A copper electrotype shell, hacked with rubber about | in. 
_. ... ,., thick, is wrapped around a wooden cylinder oi 

Tire < ii'l;'T">ii I ojinurft- l i 

V ■■ 'Muppifi ■ !' about -t! ins. diameter and 3 ins. length. An 

adjustable handle passing through the axis, giving it the appearance 
of a rolling-pin, completes die device. 

"The roller is inked for each revolution by revolving in contact 
with an ink -roller', In printing, it is rolled slowly over the map, the 
amount of pressure being regulated by the lore applied at the handles. 

It will he seen thai the full sisse of revolution of the roller will be 

;; ins. x t:; in-., but many of the areas, such as fields, etc., are much 
larger than this, and as the joining of two impressions is easy to 
make by laying a piece nf paper along the printed edge, and letting 
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the roller overlap a little, it was not thought beat to increase the 
length ul" the cylinder a.s it would require more pressure. 

" There still remained one difficulty in the way of rapid execution, 
Tlie outlines of the map such as water courses, roads, etc., as well as 
i he lettering, are necessarily put era the map before the signs. To 
print, the signs and not interfere with these characters, which 
should remain clear and distinct, was quite essential. After trying 
several plans, such as covering with narrow strips of paper, etc., a 
pencil made of common starch was finally hit upon. Tins proved to 
be entirely satisfactory. To cover up a natnu, it is only necessary to 
pass the pencil over it once, and the ink on the stamp will not take 
on the Starched surface. After the printing is done, the starch can 
lie whipped off, leaving the name as clear as though it had never been 
touched, 

"The various conventional >i;4iis re'|uired by the characteristics 
of i he COUtitty mapped, viz., woods, willows, grass, cultivated cotton, 
sugarcane, sand, etc., arc now in daily use as above described. 
Before printing the chart, stencils ate prepared for the whole sheet. 
Any thin transparent paper will answer for this purpose. An ordinary 
" antiquarian " sheet, covering about 1)00 square inches, can be pre- 
pared and printed in two days. The same work would employ a 
skilled draughtsman at least a month. 

"Sand bars which are so tedious when made by hand, one dot 
at a time, can be printed to perfection, with the exception of the 
shading at. the edge, which must be done by hand. Sanding, such 
as is used on hydrographie charts to uhow different depths, can be done 
with an absolute certainty that the tints will be the same throughout 
for i-ach depth represented. 

' For maps that arc to be reproduced by photo-lithography, it is 
best to make the original large enough to admit of reduction to one 
half the soale. If it is desired to publish on the same scale, the 
printing can be done with lithographic transfer ink, and a transfer 
made to stone or zinc, from which any number of copies can be 
printed. In this case the outlining should be done on suitable transfer 
paper with autographic ink, and the names printed with transfer 
ink." 

in using the stamps described above, it is desirable to work on a 
paper with a smooth, hard and highly calendered surface <*u that the 
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impression will be clear and sharp. The host ink is tin- finest quality 
of " German printing ink." The annexed sheet of conventional signs 
and letters has been projected at the writer's request, with permission 
of the Secretary, Capt. Patrick. 

The sample sheet is accompanied bya memorandum by ( !apt. Pat- 
rick, as follows: " Time — printing, lettering and figures on sample 
sheet, 1 lumr. Time — preparing masks, and printing the signs, 2 hours 
50 minutes. The explanatory designations, pasture, cultivated, sand, 
open, timber, ete., are QOt put Oil our maps, asthe signs are sufficiently 
well known. They are placed on this sample for the benefit of those 

unacquainted with the signs. "* 

It will be seen that any character desired can he made and used in 
the manner described. Having the original drawing from which to 
produce tlie stamp, the work of the best draughtsman can be multiplied 
without limit, and not detract very much from the quality or style of 
the original. There are, of course, very fine grades of work, such us 
are used on small scale maps, which can only he done by hand. For 
ordinary work, the results are entirely satisfactory both as to quality 
and cost. 

Lettering Device. — A stamp for putting on the letters and figures 
is a valuable adjunct to the device described above. 

It consists of a type-holder, figure discs, these two parts being 
interchangeable, and a stain]). Common type of suitable size and 
style are used. For names, etc., WnViU arc " set up " in the type holder, 
and held by a clamp screw. The base of the frame being at right 
angles to the line of the type in the holder, the names can always be 
printed parallel to the sides of the map by sliding the frame along 
a ruler. 

Where the same word is repeated frequently on (lie map, the 
time saved is wry considerable, while the quality of the work is 
excellent. 

For figures such as soundings three dises ;ire used, each of which 
bears the ten digits. They revolve on an axis, and with them any 
combination from o to Sltlt) can be formed. Tlu-si' figures are also 
common type which are held in place by fitting snugly into the slots 
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cut for thein. When they become worn they can easily be replaced 
by new ones. 

(Tost. — The coat of the mapping device as quoted by the manu- 
facturers, Messrs. A, S. Aloe & Co., 517, Olive Street, St. Louis, Mo., 
is as follows : — 

A set of 7 signs of any of the designs in stock, in box to 

hold sign*, ink plate, ink, ami a set of universal handles $100*00 
Additional signs of those in stock, each ... ... 15'00 

Any specially made sign, if drawings are furnished, first 

one ... ... ... ... .-. 15'00 

Second one ... ... ... ... 15*00 

A set of universal handles ... ... ... 2'5Q 

Tims u complete outfit, with 15 signs, as used by the 

Mississippi River * 'ommission, would cost ... '22'2'bO 



The cost of the Lettering device, with ink roller, plate and 

ink, no type, is quoted at ... ... ... 23*00 

Type, such as in use by the t'onimisskm would cost 

from s.'i fen sS, extra, say ... ... .. 7*00 



Total cost of Lettering device ... ... ... 30*00 

Grand Total eosf of complete outfit ... ... 252'50 



GAUGES. 

By the stage of a river is meant the height of the water surface 
at a given point above <>v below a fixed plane of reference. 

In nearly all cases of gauges fixed by the Commission the plans 
of reference is an arbitrary one, supposed in each instance originally 
to have been at or about lowest water level of the river at that point 
at which the gauge was fixed. In few eases, however, does (In 1 plane 
of reference coincide now with extreme low water. 

Permanent ""auges have been 8xed ;it points where tributaries 
enter and at important intermediate stations from 40 to 50 miles 
apart on the whole length of the Mississippi between ('aim and Fort 
Jaek.soll. In all tliere are Jl* siieli gauges in this length uf river. 

The important tributaries als.i have gauges fixed on them. 

These gauges are read twice daltv, and bulletins of lie- sta>>e of 
water, at each gauge, are published for information of river pilots. 
Readings are taken by an observer at 8 a.m. and 4 cm, daily, and 

when taken are immediately entered in the gauge book and recorded 

on postal cards addressed to the Secretary, copies or duplicates of 
these cards being also posted to the District Engineer. 

The gauges have been erected or built on permanent bluffs, or on 
more or less permanent banks of the river which an- there held by 
heavy revetments. The gauge usually consists of a graduated iron 
plate, screwed to timber balks about 12 to If inches square, which arc 

laid on the slope of the bank in Hue with the Hw f the pitched 

revetment. Gauges are also attached to piers of bridges at St. Louis, 
Cairo, &e. 

The bulletins shoM the stage of the river to the nearest quarter 
of a foot, and tin- letter* It. F. S. signify whether 

Itiilli'lili". . , . .... . nil i i i 

it is rising, railing, or steady. 1 hus, -J J j |< . on a 
bulletin board signifies that the gauge at that point reads *J4 feel :i 
inches, and that the river is falling. Bulletins are changed morning 
and evening whenever there is a change of stage to record. 

The bulletin board is a wooden frame erected on posts on the rivej 
front, at a height of a few feet above flood level. The figure* and let- 
ters are painted white, on a black background, on wrought iron shoctti 
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about three feet in height by two feet in width. They can he read hy 

iho nakcrl eye on |i:i^ing steamers at a distance of from a quarter to 
half a mile away. Fractions of a foot, not decimals, are posted. 

In addition to these permanent gauges, self-recording high water 
gauges, at intervals of five miles, have been erected 
between Cairo and Fort Jackson. There are in all 
182 of these ; they record merely the highest level reached by the 
Hood each season. They consist of painted graduated posts, erected 
at or near top water level, each painted post being enclosed in a verti- 
cal box, provided with holes for the inlet of the water, for the protec- 
tion of its surface. The record of the Hood is merely the disfigurement 
of the paint left by the water mark on the clean surface of the gauge. 

These self-registering gauges arc said to be of considerable value 

in recording maximum flood level, as they give more reliable record 

than water-marks on trees or levee slopes, the latter being usually not 

within some indies of the maximum stage reached by a flood, 

Self-resist eviug tide gauges are also maintained 
Tide Unugte. . ° ° ° 

at Biloxi and Fort Jaekson. 

All gauges arc Inspected by a steamer party three times yearly, 
whose duty it is to keep them and the bulletin boards in proper repair. 
The planes of reference or sseros of the several gauges have been con- 
nected by precise levelling, and their elevation reduced to what is 
known as the Memphis datum, thus enabling the general slope of any 
stage of the Hood to be correctly calculated. 

Daily record is kept of each gauge and its hydrograph is plotted 
and recorded in the District Office concerned. 



DISCHARGE MEASUKKM PA'T. 

Tub method now generally adopted t"« >r measuring the Lower 
Mississippi is by current meter from a strain launch, using one 
observation at /;>ths of the depth as the mean velocity nil a vertical. 
Soundings and velocities are taken at different points along the section, 
from which the How of each partial area is calculated, and the sum of 
these partial area discharges gives the whole discharge of tin- cross 
section. 

Six -tenths the depth, as the point of observation for the mean 
velocity, has been arrived at after long experience 
""SSSrtS* ,m,( s I h -"' i;vl investigation of velocities' , m different 
points of tin.- vertical. There is something to be 
said against it still, hut the preponderance of opinion is to the effect 
that it facilitates so much the obtaining of a whole series of observa- 
tions within a reasonable time that the result obtained for the whole 
discharge is probably a closer approximation to the true discharge than 
if a great number of observations were made. The great number neces- 
sary to obtain exactness would occupy a longer period during which 
occur change of stage and alteration of tlie bottom, with variation of 
velocities, thus vitiating the accuracy of the detail when applied to the 
aggregate results. 

The current meter is now generally recognized as the, most accu- 
rate instrument for obtaining sub-surface velocities; 

I in- 'ii' 'ii iter, , . .. . . . (1 

though umil tpnte recent years submerged floats or 
rod-floats wen- used on the Lower Mississippi when choice in such 
matters was left to the discretion of the District Engineer, 
and they are still used on some stations of ihe higher river and 
tributaries. The system of taking discharge observations at present 
in vogue on tin- Lower Mississippi, under the control of tin- Com- 
mission, is by current meter with occasional float observations as 
a chuck. 

Since the days of Humphreys and Abbot there have been many 

changes in the methods followed for obtaining 

measurements oi the rivers discharge. Ihe write! 

cannot attempt to give a complete history of experiments or their 
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results, Hut he proposes t<i note briefly the more important features 
nf the practice of late years. 

Humphreys ami Abbot calculated their discharges on the 
assumption that the bed of the river was permanent at the gauge site, 
and having once taken its cross section it was comparatively easy at 
different stages to calculate discharges, if correct coefficients were 
applied for reduction of the mean from the observed velocities. Their 
assumptions are, however, now known to be wrong, not only as regards 
permanency of cross section, but in the coefficients applied to velo- 
cities. Special observations of the movement of sand waves, ami of 
changes on the bottom, have shown that the area of the cross section 
changes from day to day ; ami that, therefore. ;ill discbarge measure- 
ments of a river of this description require not only observation of 
velocities, but calculation of the area of the cross section for each 
complete measurement. The observed movement of sand waves nf 
height as great as ten feet, with a daily travel of as much as thirty 
feet, is recorded in the proceedings of the Commission. 

Since the organization of the Mississippi Commission in 167'.*, 
more or less continuous measurements of discharges have been made 
at certain points on the river, and at special places where high and low 
water discharges were thought of particular interest. The extent of 
these observations has varied according to the allotments nf funds 
available. in the earlier years measurements were made ;<t six <>r 
seven stations. For two or three years fewer stations were mam- 
tamed; then from 18'JO lo I81U as many as 1eii to twelve parties were 
employed, and since the latter date special high and low water obser- 
vations have been made :it different places. Tim results have been 
published in the reports of tlm Commission with, in some eases, 
exhaustive reports on the methods followed; and H is from the long 
experience of these observations that the present system has been 
adopted as the best suited to the circumstances. 

Though experience has shown the current meter to he the best, 
yet when such is not available, or in smaller rivers 
U "' ,K |',M, ; 'r" ""' '"' ' ;,l ge canals nf tegular cross section and even How, 
rods or floats may be resorted to for current observ- 
ations. The developments of these will therefore be first described. 

The mean velocity of a stream, or of a partial area of a cross 
section, is thai velocity which, multiplied by the area, will give the 
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discharge through the cross section considered. It is really the mean 
of the velocities of the filaments moving through the area under con- 
sideratton, but it is not an actual velocity, though it may coincide with 
the velocity of some one or more of the filaments. 

By the use of the rod float an attempt is made to obtain at one 
observation the mean velocity on a vertical. The submerged Hoal is 
supposed to give the velocity at the depth at which the float moves, 
and the mean of a series of these is taken as the mean velocity of the 
whole. The meter is used in die same way as the submerged float, 
but with better results. 

The rods may be either wooden or tin, loaded at the bottom, and 
of length to suit the channel in which they are to 
lie used. Theoretically they should reach to the 
bottom of the channel to give oorreci results; that is, in order thai 
the rod may record the mean velocity of the filaments in 1 he vertical, it 
sin mid be of the full depth of the water, ft. has, however, even in 
channels of uniform section, to be kept less than the depth, and in 
channels of uneven hot tutu considerably less, iii order that it may float 
freely. Obviously, therefore, it is unsuiti'd fur use in rivers of irregular 
depths and section, and in artificial ehannels cannot be advantageously 
used where depths are greater than about 25 feet As a matter of fad 
rods have been used iii depths considerably greater than their own 
l> n^ihs, thus obtaining merely the mean of the tippet" velocities; and. 
in siieh eases, a eo-etfieielit has to be applied to reduce the mean 
velocity of the lull depth of the vertical considered. 

Tlie object of a submerged float being to obtain a velocity of a 

a ,.,i w ,i v Slament moving at uniform depth below the surface, 

the ideal float should consist of a body having its 
floatation regulated to maintain it at the required depth without 
i xposing any appurtenances of the float to the influence of filaments 
above the point of observation. Ibifortunatcly, to watch its move- 
ments, it is necessary to attach it to a surface float or buoyed flag, 
and a submerged float therefore consists of the lower or sub-floats 

and a small surface float, or buoy, bearing a flag. 

Kroin a compilation, made by Mr. Wheeler, of Extracts of reports 

Double iuit« ii-,i in on discharge measurements of 187!), it appears 

that improved floats were introduced in that year at 
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Hampton Landing, Ark. The sub-float consisted of two boUow iron 
cylinders, the outer one twelve inches long by ten inches in diameter, 
and the inner- one, of half the length of the outer one, tapering from 
ten inches at the base to eight inches at the top, The space 
between the two when closed in at the top thus forms au air chamber. 
The lead for ballast was soldered to the inside of the bottom of the 
outside cylinder, see sketch in the margin, 

A, A, is the air chamber. 

B, a wire across for attachment of connecting wire 
or chord. 

C, the lead ring. 
The disposition of lead around the bottom, togethei 

SECTI0N with the favourable slope of the air chamber, 

facilitates the descent of the sub-float when 
dropped into the water and venders it less suscep- 
tible to the influence of whirls and boils, 

Tlie surface float consisted of a cylinder six. 
inches long and four and a half inches in diameter, 
with eonii-al ends. The 0011QS had altitudes of three 
and four inches respectively, and the loop to which the cord was 
attached to connect with sub -float was placet! near the acute end. 
This form gave great buoyancy and offered little resistance to any 
other than a vertical pull on the cord, and permitted the sub-ftoat to 
exercise control over the movements of the surface Heats, a matter of 
great importance, as the velocity of tin* snh-llunt is determined by 
locating positions of Its surface float. 

This float resisted the water pressure successfully, and was quite 
satisfactory for depths not exceeding IU feet. Beyond that it collapsed, 
and a .specially strongly made float, which contained as many as Id 
air chambers, was subsequently devised. The cord finally adopted 
for connecting the surface and sub-floats was a braided silk, size C. Its 
diameter was '05 inches, and breaking strain about :l(i pounds. Oiled 
silk and linen were also tried, but none appeared bo durable for the aame 
thickness as the one adopted. 

The volume of the Burface ftoal was t3S cubic mclies, ami its 
weight with ftog '85 pounds. tts buoyancy was thus 4 pounds in 
river water. The displacement by the sub float, when submerged, was 
about f3"5 cubic inches, corresponding to a buoyancy of *2'(i5 pounds. 
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Its weight in air was 5*7 pounds, hence weight in water, or pull it 
exerted on the cord, was about 3 pounds. 

Although the weight of authority appears to favour a sub-float of 
about the same density as water, it is pointed out that the locating of 
position of the sub-float relative to that of its surface float, not only in 
the horizontal plant', hut also sis to depth, demands a tension on the cord 
to resist the tendency to variation from the vertical due to different 
velocities or to the effect of wind on the surfaie float. It sdso necessi- 
tates weight in the sub-float to counteract the effect of upward 
currents, 

Tie- next development in sub-float seems to have consisted merely 
in the reduction of its diameter from to inches to ns little as t; inches, 
thus increasing its power to withstand pressure, and make it more suit- 
able for greater depths. The surface float is now commonly made of 
galvanized sheet iron, circular iti p!;m and elliptical in cross section, the 
major a\is being about 10 inches and the minor being about 5 inches. 

On the top of this is fastened a small w leo stick bearing si flag, and 

on the bottom of the float is a small hook to which is attached the silk 
cord which supports the sub-float. 

For comparatively shallow waters, such as tributaries, the sub- 
float is often made merely of two rectangular sheets of galvanized 

iron, each about 12 x I , r i inches, fastened 
perpendicularly to each other and inter- 
secting in their centre lines. 

.V good form of float is that sketched 
in the margin which provides for cylindri- 
cal air cavities along the upper edges, and 
I eat I weights along the lower edges of 
i he vanes. The weights are arranged, to 
•rive the desired tension on the connecting 
curd and to maintain the float IU an Upright position. 

The velocity of the current at any depth is determined by running 
the lower float at this depth, and noting the time 
required for the Boat to pass between two fixed 
range lines at ri'dit anffles to the direction of the current. The float 
run, or distance between ranges, may ba as little as ino feet i"i* 

tributaries and canals, or as much ft* LOO to 500 b'ct fi» , ' 1V1 ' 1 ' 
observations. 








Final phi, 
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Rod i\oats are wall adapted tn small channels of uniform section. 
, , Double floats are suitable tor targe rivers, but they 

Comparison ul iihvIi.hU ..... 

have the disadvantage ol registering only the velo- 
city of a small body of water at the depth of the lower Hoat. One 
rod observation of sufficient immersion is probably as good as several 
float observations. A current meter observation is considered to be 
better than many Hoat or rod observations for either large or small 
rivers. 

The chief recommendation of rods and floats is that they are cheap, 
but, if a continuous series of observations is to be taken for any length 
of time, the extra cost of the meter outfit will be more than balanced by 
tin; satisfactory results and the facility ill obtaining them given by the 
use of the current meter. 

The meter at present in use on the Lower Mississippi is the 
" Haskell " which Is (bund to be very satisfactory' 

l lll'tl'lll hirl'T-, " • 

A few years back the " Price " current meter was 
equally popular. Both have been considerably improved of late years> 
and a type of the former, known as the " Ritchie-Haskell" Meter, 
is fitted witli a compass, and automatically records direction of cur- 
rent as well as revolutions of the propeller. Both are made in differ- 
ent sixes to suit varying velocities. 

The; apparatus consists of a current meter and its dead weight, 
a velocity register and timepiece, battery cells, and wire cable. 

To take an observation the meter is lowered over a pulley block 
on the end of a boom projecting from the side of the steam launch, 
and the revolutions of the meter wheel are read off for the period of 
observation from the register which automatically records them. 

Mr, Starling, in his paper on 1 Hseharges of the Mississippi read 
., ,. ' before the American Society in 1895, deals very 

nruiwlll llli'lhitiU :it|i| i7 

lk< six-teilli8 depth fully with the diihVulties of eorrectlv Hseertainiic 

vi'lmiiiv , •' a 

the discharge of a large river, the relative merits 

of floats and meters, the ratio between mean, mid-depth, and other 

velocities, etc. ; and his valuable paper can he recommended to the 

enquirer who is sufficiently interested to wish to trace the reasons 

which have led to the adoption of present methods, 

He finally expresses bis opinion to the effect that, in the ordinary 
method, the assumptions that the six-tenths depth velocity represents 
the mean velocity in any vertical plane, and that the velocity varies 

n„M. b, 3 



uniformly from station to station, "are in the grand moan probably 
correct;" though in individual oases they are likely to depart wide- 
ly from the truth yet tin; errors are not necessarily accumulative and 
discrepancies, in individual eases, should nol cause surprise. 

The conclusion, as expressed not only by Mr. Starling, but by all 
other engineers, who have been consulted on this point, is that tlie 
present method is undoubtedly the besl known suited to tin- condi- 
tions. The careful recorder, who is searching after accuracy, for 
instance Mr. Tally, Assistant Engineer in the Secretary's office, who 
has had charge of the computation and compilation of the discharge 
measurements for many years, would prefer fco see more frequent 
checks than are commonly made; but, though such may be suggested 
as desirable, it is not always possible to insi-i on them in practice. 

It is sufficient, for the purpose of Llie.se notes, to say that since 
1884, the velocity obtained at six-tenths of the depth from the surface 
has been, and is being, used as the mean velocity of the vertical. This 

is .sometimes cheeked by what is known as the " Planking Method," 
which consists in starting from one side of the rise] 1 with the current 
meter submerged fcO a certain depth, usually -<> feet, and slowly 
Hanking, or moving, across the discharge cange, having a record run- 
ning continuously, and also noting the registrations and the times as 
each intersecting range is passed, A correction for the movement 
of the boat is necessary to obtain velocities in the direction of the 
stream at right angles to the range. It is expressed by the formula' 
V= yV-ir. 

In selecting the gauging place in a stream it is advisable to first 

totaamtifffiv makfi '' L Separate set of experiments upon I he direr- 

"'"' lion of local currents to avoid, as much as possible, 

sources of error due to deflected currents, 

The genera] practice has been to locate the section on a narrow 
part of the river, in a straight reach, if possible, hut this does not 
receive as much consideration as the width Instead of this, the 
section should hi' chosen on a rather wide' straight reach, where the 
currents are flowing nearly parallel to each other. The narrow rivet 
is under abnormal conditions ; the water is forced in at the head of the 
reach, causing boils and eddies for some distance down stream. 

The chief objection to a wide section is the length of till) 
required for a discharge measurement, which, it is argued, permits 11 
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the currents changing ln'furo the observation is completed. It is 
doubtful, however, whether the changes in a wide reach are as great, 
or as frequent, as in a narrow one. Even if such is the ease, the 
difficulty ean be overcome by an increase in the party of observers. 
The use of current meters in modern practice lias so much facilitated 
the taking of observations that an addition to the width of the eross- 
section ot" tin- gauge site is not a matter of such serious consideration 
as formerly. 

The method of taking observations, and the points to which 
Taking attention should be especially directed in the field 

' '"""''""" '""''"'■• operations of discharge measurements, are enu- 
merated below. 

The discharge measurement, consisting of determination of stage, 
velocity, and cross-section, should be completed in one day ; thus, at 
fixed stations for regular observation, there would he one complete 
measurement daily. * 

The gauge should he read twice daily, to the nearest -j^liof 
a foot, and, with the mean, recorded in the held book. If a special 
gauge is Hxed for the cross-sect ion, its zero should he connected with 
the recognized datum of the river eauffes. 

The number of current, meter stations should average, at least, 
one for every 200 feet width of the river. If apices develops in the 
velocities observed additional stations should be occupied. 

The shore stations should not be more than fifty feet from the 
water's edge. 

The launch should be anchored at each station, when practicable, 
without loss of time. Otherwise it ean be held in position on ranges, 
longitudinally by the engineer and laterally by the steersman. The 
current meter apparatus should be examined, tested and made ready 
for operation before leaving shore. 

On reaching the first station, when the engineer and steersman 
have indicated that they are in position, the meter is lifted and dropped 
over the stern, while a second man lowers away on the houm arranged 
to fall on the down-stream side of the launch at an angle of 45 degrees 
with the axis of the launch. The boom being in position, the meter 
is brought to the surface, and then lowered to the desired depth. 

The meter is not drawn up between stations but, as each is 
occupied and the depth determined, it is lowered or raised the distance 
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necessary to give it the submersion required, The easiest way of 
placing the meter at any desired depth is by means of the pinion on 
the reel, from a table constructed to show the lengths corresponding 
to revolutions. 

In taking up the meter the reverse of the lowering process is 
followed. The meter is first placed at the same depth to which it 
went when the hooin was lowered, as indicated on the wire : the reel 
is then fastened, and the boom raised, a man standing read)' on the 
stern of the launch to draw the meter in and lift it aboard. 

The meter should beheld on each station at six-tenths of the depth 
for from two to h've minutes. In addition to this observation for 
mean velocity, it should be determined occasionally by integration from 
surface to bottom and baek to surface, 

The meter must be properly rated at Jin* beginning of the work. 
The time required for the wheel to come to rest, after being tumid 
briskly with the hand, should be carefully noted ; and, on daily repeti- 
tion of this test, if any change occurs a new rating will be necessary, 

The cross-section \* determined by soundings not exceeding I on 
feet apart for regular bottom, and 50 feet apart when the bed is in 
ridges. Soundings are taken with a three eight inch line, which should 
be thoroughly wetted and stretched before being graduated It should 
be tested regularly and when found necessary to apply corrections of 
lengths, such should be noted against each day's observations Special 
care is necessary to see that the leadsman takes vertical soundings. 
Soundings not located by intersection of ranges are located bv instru- 
ment, or by time interpolations. 

All observations are recorded in regular note-books on the spot 
Field computations are made on computing paper, 

II. corf of Odd work. , l ■ ■ 

or block -tablets, and carefully preserved. Results 

are entered at once iii red ink in the uofe-1 ks on the page contain- 
ing the tie Id notes. 

Velocities and soundings arc taken at the same time, the chief of 
«... the party noting the latter and a re "der the 

HclUciMiinulatii.il, i .' n 

former. The recorder reads oil' the chronograph 
slips, and taken out the velocities. Each velocity is then multiplied 
by the depth at which it was taken, the products are mUU-A, and t hit sunt 
divided by the sum of ihe depths. This gives, approximately, the mean 
velocity, which is submitted to the chief as soon as the section is sounded. 
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This method is applicable only when velocity station* are practi- 
cally equidistant. When not so, the velocity curve is plotted, together 
with the section resulting from the soundings; then equidistant 
ordinate* are scaled oft' and treated as above to obtain the approximate 
mean velocity. 

When soundings are practically equidistant, the area is computed 
by adding together the intermediate soundings and half the sum of. tlte 
end tvnes and then multiplying the sum by the mean interval. [f 
soundings are not equidistant, ordinates are scaled off the plotted 
section and the area calculated as heldce. 

The area thus determined is exact, and, when multiplied by the 
approximate mean velocity, will give the discharge close enough to 
enable the chief of the party to judge how his work is proceeding ami 
to detect errors or anomalies which need correction or explanation, 

This field computation forms part of each day's work, and should 
be thus completed. Discharges not calculated on the same day should 
merely be reported as " Field work of discharges," with explanation 
of the omission of its computation on the day of observation, 

The final office reduction of discharge is more refined than the 
above, and will he described further on. 

The printed instructions to gauging parties, issued by the Secretary 
of the Mississippi Commission, comprise all the above, with ex- 
planatory notes on several points. \ copy of them is given in 
Appendix A. 

The current meter registers merely the revolutions of the wheel, 

anting in,- .-unvhi am '> before the velocity of the water can be found, 

die ratio between rate of revolution of the wheel 

and rate of motion of the water must be found for all velocities that 

are to be observed. This Is called - rating the meter." The ratio is 

not constant hut is a linear' function of the velocity. 

Current meters are usually rated by attaching them to a rod lix.cd 
a few feet in front of the bow of a light boat or skiff, which is rowed 
through Still water over a measured rim, the time occupied and the 
number of registrations made during the time on the run being noted, 
The length of run divided by the time gives the velocity of the meter 
through the water, ami the number of registrations divided by the 
time gives the number of registrations per unit of time. The unit 
of time taken is one second, and of distance is one foot. 
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If the registrations per second are plotted as abscissa?, and corre- 
sponding observed velocities m ordinates, it is .seen that the plotted 
points lie approximately in a right line, or the relation between the 
two variables can best be expressed by an equation of the first degree 
of the form p = a .r + f>, in which a is a tangent of the angle which 
the line makes with the axis of .r, and h is the intercept on the 
axis of //. 

Any two observations at different speeds would give values of <i 
and (>, but, to tind the bust or most probable values of these constants, 
a number of observations are taken, 

Mr. Wheeler, Assistant Engineer, made a report in 1882, explain- 
ing hts theoretical method of reduction by squares of the equation for 
rating and describing the method of reduction of observations. This 
method lias since been systematically adopted on the Mississippi ami 
may be given here, in abbreviated form, with advantage, 

The problem is to obtain from the given oh- 

Reiliii-tinn «t forAuUft, 

served values ot ".r and"// the most probnblc 

values of <b a " and " b." 

, = Length <>[ mil. 

— Xniiiln'i" tif ulwrvaiioiw. 
/, es Ohsprvwi thna in |>iiwing nvpr the Iwigth /,. 

(•„ - Nuriilii'r tit' rt*]gUtmttOll!' Ml lilili 1 * /,, /.., etc, 

»/„ -- 1 li'ilnci'il \;itlii"< ill' //. 

./■ , -- lli'dni'ol vulilf* iif ,f, 

— Arithmetical \w-.\w t>t' //„ /;.., »k'. 

= .. '■.. ,r„. I'll'. 

Tin- '" " " uloiTMitiuii- jjivi 1 " i'i|H:itinii-, :i-i Inlluw*: — 
ft + .<-, .i - v, t= r, 

(1) ft -f ■'■, « - ft " "'. 

fi 4 .'*,. n -■ >i„ - c. 

Ami I'uriiiiny tin* normal rrjitHinun 1 w# hav<<— 

nl + i .,- | ,i - (//] ^ o 

(2) r./, + {/]„ - [>//] = II 
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Prom th« first of tlie*e equations we bave — 

\v] \ •■ ', 

[•Jut Li,J ss » mid J-^ = .!■„, ;. pquntioii (JJ) becomeb 

(I) A = //„ — ,r n a 

Substituting tlii- value of I) in uqnattotii (1) we have — 

(■'■, — <>'„) a —1,7, — //„} = ", 



<■'*„ — ''«l « — l.'/r, - #fil 



forming the nitrnv.il t-q nation in >t IVum thiw equations vvc have — 
(6) [(■'■ - ■■■„)•>- [{■'■ - ■<■»)(.</ -.Vo)]"" 

Tiii'i'et'oi-f 

[ ] Signifies summation. 

Then having found the value i»f a in equation (7 ), by substituting 
it in equation (4), the value of h becomes known. 

Equation (4) suggests a good method of graphically reducing 

tiruphk-. metii.Ki nf tlie observations ; for, from that liquation, we see 
wtatiai. \fogii the most probable line must pass through the 

point whose co-ordinates are -<■, y. M then we plot the point 
x, ;/, and draw a line through it in such a manner that the sum of 
the moments of the plotted points about that line and which cause it 
to rotate about the point .e // shall be zero, then we have located 
graphically the position of the most probable line. In other words, 
plot tlie corresponding values of $ and y on co-ordinate paper, and 
draw the most probable straight line through the points; then the 
tangent of the angle this makes with the axis of x is «, and the 
intercept on tlie axis of y is (>. The graphical solution is a valuable 
check upon the numerical reduction, and should precede it. 
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Tin* following example, taken from the records, is an illustration 
of the application of tlu* numerical method for reduction of the 
equation :— 

W. Ii. I'll 1 1 'K, ttl,lr,,rr. 

Reduction (*I Otofflmtkou f««i' niifn^ met*!', hlktfn nt Ivlunili, .limu 21M, l v - r . J . 
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b + 1 Win 153B - 'I 

i:V|n7 .i - 2.V54 I ~ t) 
II. in v ,i = I1I0S3, mid b - t) I.MHI 
I m AT ION iik HatiSi;. 

;/ - |!HI.-,H j + (l|7,]"ll. 

.. The calculations mail-.- al liraii quarters, iur llir 

1 illili 1. ill-T ..ill (if I 

ditchaigd obwmtfon*. fjn a l rinnputatinn ami talmlatiuii of discharges, 
consist of the following: — 

Cheeking field calculation of reduction <>f rating observations. 

Cheeking computation of discharge. 

( Joiiijmtin*^ (latutn ai'ras. 

Finally recording results, 

Tin* present custom is tnv the chief of the gauging party to submit 
his field book, his reduction of rating, and daily measurement of dis- 
charge properly computed as per computation sheet, see pages 42 to 44. 
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These sheets are cheeked and corrected if necessary, the corrections 
fox obliquity of How being made according to results of float observa- 
tion taken for this purpose when locating the discharge cross sec- 
tion and subsequently every few days. 

The field book has six columns showing the following : — Meter 
station (No. 15, 15^—16, &c.) ; depth of sounding; time or duration 
of run (generally 200 nr 300 seconds) ; registrations (first, last and 
difference) ; in fact all the data required by the computation sheet. 

Computation of Difieharge. — For this the partial areas are multi- 
plied by the corresponding number of meter registrations, and the sum 
of the products, after being reduced to registrations per second, is 
multiplied by the coefficient u. To this product is added the total 
area multiplied by the constant b : and the result obtained, when 
the current meters are run at six-tenths depth, gives the total discharge 
of the cross section, If, however, the general direetion of the current 
varies more than 10 degrees from the perpendicular on the cross sec- 
tion a correction on this account is made in the final results. The 
mean velocity is deduced by dividing the discharge by the water area. 

The final computation given on pages 42 to 44 is of a day's 
actual observations taken on November 30th, 1897. 

I'atnui Areas. — By selecting a datum line from which to calculate 
the areas below datum, a means is provided not only for watching 
changes occurring in the bed, ri;. the scour and fill, but also of keep- 
ing a permanent record of such changes and of the bed levels for the 
days on which soundings are made. 

The datum line 
should preferably 
he chosen at or 
above highest 
known stage of 
the river. (See 
marginal sketch.) 
Let tlte width at height H b'e W. 

Ti' this is not on record from previous measurements, tin- hanks 
above highest recorded stage should lie surveyed and the necessary 
additions to the recorded widths be made to obtain W ; or it may be 
measured by triangulation. 
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Let k and A, be heights of" stages at which discharge observations 
have been made, and for which datum areas are to be computed. Let 
w and w t be widths in feet at heights A and h v 

Let the area between the datum line and A be represented by A. 
A is = (H - h) j^-f 1 "} 

Then the datum area for height A = A + its water area. 

The datum area for any less height A, = A •+■ (A — &J j 21+J3 j 
+ its water area. 

Having once fixed the datum line for a discharge .station, all datum 
areas and depths arc referred to it. If necessary, as is occasionally 
the ease in order to study low water stage datum areas, a temporary 
datum may lie fixed at a lower level. (See sketch. ) But to be emn- 

DATUMLINE „ liable with 

o t h e r re- 
sults, they 
must bo also 
reduced to 
the common 
datum and be recorded in that shape. 

The mean depths are simply areas divided by widths. 
The results of discharges and datum area computations are com- 
piled in tabulated form, of which a blank form is given on page, 45. 

Cumputation of Dixcharge of Missixsippi River itbArfainxm City, Ark; date, Nowviher 
30th, Is 1.1 7; ijniti/e reading, 1*25 ,/W; width, 30*>y -5 feet ; direction and fort* of 
wind, <-alt?i. 
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DISCHARGE NO. 10 ; METER WHEEL NO. S.-(a ont d.) 
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A plan of the Arkansas City discharge station showing method 
there adopted in locating Bounding stations hy range poles is also 
attached. It will he noticed that the methods adopted on either side 
of the river arc different. That shown with range poles on the river 
side of the pivot point is generally preferable, hut in some casus where 
ground is not suitable for this method the poles are fixed beyond the 
pivot point as shown. 



PLAT OF ARKANSAS C/TY DISCHARGE STATION 

SHOWING POSITION OF STATIONS RANGE SIBNALS AND MUBS 
POR LOW WATER BISC MARGE OBSERVATIONS. 

MADE UNDER THE DIRECTION 
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SEDIMENT OBSERVATION. 

The sediment carried in suspension in silt-bearing rivers may be 
divided into two general classes, ( 1 ) that in continuous suspension, such 
as fiim particles <»f clay ami mud of nearly the .same weight as water, 
the deposition of which is prevented by any slight disturbance or 
eddying motion, and (2) sand and heavier matters held in discontinuous 
suspension according to the velocity and conditions of the current. 
The latter tire picked up, carried on, dropped and rolled along the 
bottom as sand waves, or disposed more or less permanently, according 
to the condition of the channel and the stage of the water flowing 
through it. 

The sediment continuously held in suspension is really of little 
importance to the Engineer, but the quantity liable to transportation, 
•spoken of above as in discontinuous suspension, is of considerable 
importance. It is this material which makes up the sand bars, and 
which the Engineer uses, with the assistance of nature, to form 
contraction works behind dikes. 

The measurement of the sediment may be divided into two 
„ operations: (l) obtaining the samples of water, 

Measurement, ■■ .1 • . ■ t ■ 

(2) settling, filtering, and weighing out the 
sediment, 

In order to obtain a correct average for a cross section, or on a 
vertical of the cross section, it is necessary to take samples at different 
depths. For this a special apparatus or silt bottle is required. 
Mr. Johnson, Assistant Engineer, designed an apparatus for collecting 
Samples of Wftter, which was used successfully at Helena in 1879. It 
!■ shown in the marginal sketch, next page, and is thus described by the 
designer : C is a galvanized iron cup. 1 an iron bar one inch square, 
E a mass of lead moulded mi the bar, B the bottom cup which brings 
to the surface the specimen of the bottom, W the springing wire 
''V which the lids n, a, are released and drawn together by rubber 
panda b, b, when the apparatus Strikes the bottom or when the wire 
1H Polled by an auxiliary cord from above ; d, d, are adjustable hinges 
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d • 



lift 



allowing it tight joint on the rubber packing discs. 
0, C, when the lids are closed. 

In descending the lids are open and the water in 
the vessel G is always a (air sample of the water sur- 
rounding tile apparatus. When the lids are closed, the 
sample is brought securely to the surface, The vessel 
when closed should be practically water tight. 

Great Care is necessary in taking the sample 
volume. It eannol be poured off even after violent 
shaking, lor the heavy sand falls rapidly to the bottom, 
It should In- drawn from the vessel by an aperture 
in its side The sample is sot. aside to settle in a 
labelled bottle, mid then the clear water, after set tie- 
meat, may be syphoned off and the residue filtered 
through Hue filter paper. The filter paper con- 
taining the sediment and a duplicate paper of the 
same weight are then dried in an oven at a tempera- 
ture of about IfiQ degrees F. ; and when quite dry 
the difference in weights is taken on a balance, this 
difference being the weight of the sediment which was 
contained in the sample of water. 

fa the same year, namely IS7 ( .l, a long series of 
careful observations was also made on the Missouri and Upper Missis 
sippi Rivers of the amount of sediment carried in suspension. A. greater 
nicety of methods was aimed at, and a special silt bottle was designed to 
bring up a pair of samples of the cubic contents required, vis., 2 ounces 
each, direct from the depth of which the sample was wanted, I has elimi- 
nating the difficulty of drawing off from a large receptacle a small correct 
average sample. These observations are said to have gince proved most 
useful. The instruments used are described in the Chief Engineer's 
Report of 1 887, Appendix E, of which a synopsis is given below. 

No sediment observations have been made of late years on the 
Lowi-r Mississippi, but the writer found, after enquiry in the Secretary's 

office, a slit bottle of the paltel'U formerly Used. 

For obtaining large namples of the river- bed a sheet iron dredge 
gnt0taemtton«t bucket was used, of which a sketch is given next 

s '''' l,: " l,v page, Aeross the top of the bucket is an iron bar. 

with its ends bent at right angles and ri vetted I" the side of the 
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bucket. Above this bar, and alsorivetted to the bucket, is an an- 
nular lip with bevelled edge fco facilitate entrance of the bucket into 
the river bed. Between the cross bar and bottom of tlie bucket is a 
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sleeve through which passessan ironrod with an eye at the upper end 
»'»d a hook at the lower. A lead bftU is attached to the leading chain 
to keep the pull on the bucket horizontal, and an anchor is provided 
'" rear of the bucket to prevent the bottom of the bucket from 
f*8ing as the lip enters the river bottom. 

In the earlier experiments a slip bottle, similar in design to that 

ll *"d on board H. M. S. Chailenger, was tried; but experience show- 

** tl,at the sediment had partially settled when the bottle reached the 

""Him,. ilII( | that mechanical agitation did not restore the imrmaMis- 

Wbutimi, bo as to render the small samples trustworthy. To obviate 

t'ds difficulty a .special silt bottle was designed. , 

This bottle, which may be called the St. Charles silt bottle, IS 

'IV *, c, tJirlt . m rather an elaborate one. It is of brass, and has to 

be specially made. A plan of it is given on next 

lh - and iu description is as follows :— 



*t has two receptacles of 1 fluid ounces each, each receptacle cm- 

^atof two |)lltts , (0 a hollow cylinder with four short horns SO 

de 8**a apart projecting radially from its outer edge and outer 

"*** and ( 2 ) a piston of the same length as the cylinder, cut out 

f tw ° rectangular slots at right angles, in such a "*«*■* 

* fl I^ton hecuiues two disks separated by four posts. From the lower 



surface of the piston projects a cylindrical pin, with n turned neck by 
which connection is made with the other parts of the machine. 

The closing mechanism consists of ft hollow cylindrical post 
reduced at the upper end, within which is fitted a piston head having 
astern running through the reduced opening at the upper end and 
attached to the cross head and grip handle by a through key. Be- 
tween the piston head and the upper end of the cylinder is a spiral 
spring, ami through the piston head at right angles to the axis 
of tiie post a tumbler pin is driven passing through opposite and 
vertical slots, cut through the walls of the hollow post, and projecting 
sufficiently to be caught he two sear-hooka when the piston is raised. 

These scar-hooks are connected by a swivel pin and ring to the 
line by which the machine i> raised or lowered. 

Parallel to the centre post and supported from h by a lug a1 
eaeli end is a pipe with a bore tour or five times the diameter of the 
standing wire. An open slit is cut through both lugs and pipe 
sufficiently large to allow tlie standing wire to he introduced laterally, 
after which, by revolving the pipe part of a turn, the solid parts of 
the lugs cover the open parts of the pipe and prevenl the possibility 
of disengagement. 

At the lower end of the post there are two radial disc plates, and 
at the Upper end two radial arms, each carrying a perforated bos tit 
its extremity, the centre of the perforation being directly over the 
centre of the disc helow, Through each perforation or hole passes a 
vertically sliding rod. having at its tower end a four armed spider and 
at its upper end a simple (swivel connection with the cross head. 

In the outside of the circumference of the lower disc plates radial 
slots are out of a breadth just equal to the diameter of the turned 
neck in the bottle, and of a length just sufficient to allow the centre 
of the bottle, when the neck is slid into the slot, to correspond with 
tlie centre of the disc plate and the vertically sliding rod. 

The bottle is prevented from sliding out hy a latch spring, which 
is automatically compressed when the bottle is slid into place, and i> 

easily depressed hy the little linger when the hot tie is to he removed. 
Tln> machine was used by lowering it gently upon a standing lim- 
of No. 12 wire ami. when at the proper depth, giving a sharp jerk 
to the lowering rope winch tripped the hells, and the machine was then 
drawn up. 
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Samples of water were taken (it eight locations across the river and 

outnialng sample* el a * three points for each location, viz., at surface, 

vmcr ' mid-depth, and mm toot above bottom. 

The contents of one receptacle of each sample was poured into a 

pint bottle tor an average .surface .sample, and the same for mid-depth 

and bottom, giving each day three pint bottles in what were called 

the horizontal combinations. The remaining samples were combined 

vertically at each location in the earlier experiments, but latterly were 

omitted as they were nut found of any special interest. 

In treating the samples the bottles were uncorked and the clear 
water carefully poured oil' into a measuring tube, graduated to cubic 
centimetres, and the volume noted. It was then poured back into 
the bottle, and the tube rinsed out with filtered water, which was also 
poured into the bottle. The corks were then replaced and the bottles 
violently shaken, after which the eon tents were poured upon the fil- 
lers, the bottles rinsed with tittered water and the product added to 
the proper filters. The standards were put into the funnels and 
treated with the same amount of filtered water. 

While the papers were still wet they were transferred to the dry- 
ing box, which had been previously heated to the proper temperature, 
When one of the standards was placed in the hottest and the other in 
(lie coolest part of the box. The two standards were taken out from 
time to time and compared in the scales. At first the one in the hot- 
teat position would weigh the less but their weights gradually ap- 
proached each other until they finally balanced; after which they were 
' - ! 'i in the box a tl-w minutes in order to secure the same hydrometric 
State in all the papers, When taken from the drying box the papers 
were placed on a rack beside the weighing ease, one of the standards 
being placed in the centre of the group and the other in the scale pan. 

is s , as ti),. papers were cool the standard on the rack was 

cuuutei'hithuieeit against the one in the ease and the difference 
Qoted, The papers were then compared with the standard in the 
'" lsi - and this ditfeivnee noted. By this process the papers were com- 
pared with the standards which remained in the rack with them. 

In this way the sediment in millograimues per pint was determined, 

The mean ol the surface, mid-depth and foot from bottom combina- 

\ (||| lions, in other words, the mean of the sediment in 

I ln> horizontal eoinbinalioiis, was taken as the aver- 
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age sediment per pint of the cross section. The total sediment carried 
was thus ('(imputed on tin- assumption that there is a mean sediment 
per cubic foot of water which represents the saturation of the dis- 
charge with sediment at that time. This method may perhaps be 
questioned, since it is known that there is a considerable difference of 
discharge in different parts of tin- cross section. It is thought, 
however, that the sediment data in the main justifies the above method 
<if computation, except perhaps at periods of small mean sediment 
where minor errors would be immaterial 

The observations were taken continuously from February the 
1st to October the 1st, 1879, at St. Charles, Mo., and are tabulated 
with the discharge measurements of the river in the following form ; 
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A diagram is also given showing the total sediment carried per 
second throughout the period of observation. This is plotted below 

A diagram of the discharges of the river for the same period, 

A casual analysis of the tubulated results shows that the quan- 
tity of sediment carried \>Y the Missouri varies from about I 3000th 
part of its weight in low water to as much as I 120 in high water'. 

A number of tests taken for the specific gravity of the sediment 
save an averaec of I G. 




Caving; Bank in Kemps Bend, showing destruction of levee, Dec. 1S C 8. 



CHAPTER III. 
EROSION OF BANKS. 

Is 1891 an inspection was made of the condition of the perma- 
nent survey marks, ami at the same time, at Mr. Oekerson's susrees* 
won, the hank line awl the bends of the river were resurveyed. Blue 
prints Inive been made showing the bank line* of 1 891 plotted on 
the charts of the original Burvey made by the Commission ten or 
twelve years previously in this length of river, riz., from Cairo to 
1 ^ormldsonvilio. 

These blue prints are, in the writer's opinion, of considerable 
value, because they faithfully record the final changes which have 
occurred in this long length of 885 miles of the river during the 
period between the two surveys. They are so instructive, especially 
as regards the shape, direction and movement of erosion or caving on 
bends, that the writer applied for, and, through the kindness of 
the Commission, has secured a set of them which are attached as 
accompaniments to these notes (not printed). 

Thmigh it is nut proposed in this note to deal at all with 

Beflnitfcmi Caring, hank protection or the measures adopted for the 

staiefr, slump, prevention of caving, it may be useful to briefly 

describe what the term "Caving" means, as applied on the Mississippi 

River. 

"Caving ' includes erosion or abrasion, dips or sloughs of all 
kind* and slumps. The word might, perhaps, be. correctly applied to 
either of the latter, as in earl, there is a kind of caving or sliding of 
"'c bank in consequence of its being undermined, It has, however, by 
usage, become much more comprehensive and expresses destruction or 
wearing away of the bank of the river from any cause, whether due to 
' u " violence of the direct attack of the current ou a bank, as at a 
tossing, or to the (idling in of the concave side of ;L bend of which the 
curvature is changing. 
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A " Slough," pronounced •■slulf" is ii slip caused by the under- 
mining of thu foot of the bank or slope, assisted by the action of 
drainage water through the bank itself, 

"Slough," another word pronounced " slew" is commonly applied 
in the Mississippi Valley to old river channels, and correspondent® to 
" Dhand" on the Indus, 

A "Slump" may he described as a sudden slip or collapse 
of the hank, generally in a vertical direction, probably due to 
the substratum being washed out or having become unable to 
hear the weight above it. In many eases the river bank for a 
dtst;i nee of from 50 to 250 feet back suddenly drops down verti 
eally, 10 to SO feet in height, taking with it trees, which ;nv 
thus temporarily transplanted to ;i lower level along the face of the 
river. How long they retain this position depends on the violence 
of the current and on the character of the soil in which the roots 
are embedded, but the slump is gradually disintegrated and probably 
disappears on the next rise in stage of the river. The sound of the 
word itself conveys, with American significance, its meaning and is 
very expressive of the sudden \ ( -rucal collapse of a portion of the 
hank or rivet face. 

The description of caving which occurs at any point and its rate 
of progress and extent depend on many circum- 

Kimlxol Caving. , . , .. , . . . ' , . 

stances: on the material o| which the hank is 

composed and lis drainage, the curvature of the bank and its general 
direction with reference to the line of attack, the Velocity of the 
water, position and depth of the channel and the stage of the 

river. 

The Mississippi Engineers generally agree In saying that all 
kinds of caving are more active, as a rule, on a falling stage of the 
river, and most active dining a sudden fall after a prolonged medium 
stage. This is particularly the case in heads. The channels are 
probably deepened during the high stage; then on the fall of the 
water the Hizhter materials of some of the intermediate strata wash 
out, and the hank, having been undermined at its toe, slips or caves in. 
In some cases, however, particularly when.' there i* a deep firm 
Stratum of material on the face of a long bend, erosion may continue 
fairly steadily, though not at the same part of the curvature, the 
point of attack or the active erosion oscillating up and down stream 
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with the rise and Hi] I iii stage of the river. This longitudinal oscilla- 
tion is no doubt due to the alteration in direction of' the crossing at 
different stages of the river. 

A study of the blue prints has helped to elucidate some of these 
points, especially when assisted with Mr. Ockerson's remarks. A 
brief report on the subject of this re-survey was published in the 
Animal Report of the Mississippi River Commission of I8i>2, out 
Mr. Dclcerson, having made careful notes on the ground of the nature 
of the hanks, ivc, in November of that year, thought the subject, as 
further elaborated, of sufficient interest for a paper before the 
American Society of Civil Engineers, This was read in June I8!».'i 
binding the writer particularly interested in the results shown by the 
re-survey, Mr. Ockerson kindly placed the only available copy 
of Ids paper at the writer's disposal, with permission to quote 
bum it. 

Mr Ocfeerson premises his paper by remarking : " It is believed 
that these si\rwys offer the first opportunity of an accurate determi- 
nation ol* th«* amount of erosion, and may throw some light on the 
conditions affecting this amount." 

lb' expresses regret that the importance of establishing fixed 
points did not occur to Humphreys and Abbot during their extended 
investigations of the river, for if they had done so we would now 
have a much broader base for our study, and more well determined 
constants to aid in the solution of the problems of regulation and 
Control of lids great river. " We have only a period of about ten years 
during which the regimen of the river has been carefully noted and 
recorded, and during that time many important principles have been 
worked out, and facts have taken the place of theories." 

J n order to obtain some idea of the lateral oscillation of the 
i-ui^nii ottlitaUon of si ream during a long period, he took the oldest 
''' t,m '"' map procurable, one dated 1770, and reduced it and 

the first, charts of accurate surveys made by the Mississippi Eiver 
Commission to the same scale, and compared them. Though it is not 
''lain led that the old map will bear the tests of rigid measurement, 
yet he states "it is readily seen that the work is entitled to the credit 
ol being a careful reconnaissance of high grade in which the important 
features were vrry well sketched." 

The striking features of his comparison are the remarkable stability 
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of the larger islands, the very marked similarity of the bends, the simi- 
larity in location of cut-offs which have been repeated in modern times 
over nearly the same ground as in former years, and generally, the narrow 
limits within which the lateral oscillation of the stream is confined. 

He remarks that in his early reports to the Mississippi River 
Commission, he "called attention to the pertinacity with which deep 
indentations and projecting points maintained their identity, although 
the entire hank line receded several hundred feet. This being true, ii 
may be urged that the similarity of the bends and apparent stability 
of the islands furnished tittle or no proof of the varying movement 
of the river, that is, large islands might move bodily down stream or 
laterally for long distances. Furthermore it is known that the heads 
of islands are eroded and accretions are added at their lower ends. It 
is, however, evident that the rate of this movement is not as great as 
is generally believed." 

He speaks of the mute evidence of the huge trees of the forests 
bordering the river and covering many of its islands, which have 
withstood the Hoods and encroachments of the river for several scores 
of years, clearly proving that the lateral oscillations of the river are 
confined within comparatively narrow bounds even when the unit of 
time far exceeds the incniorv of the oldest inhabitants. 

He further remarks that the data for comparison of geological 
periods after the alluvial valleys ceased to be an arm of the sea have 
never been obtained, and perhaps never will he ; that, therefore, we 
must be contented with the materials which the maps of earlier 
explorers give us, with the satisfaction of knowing that future 
engineers will have convenient and definite means of studying the 
changes which occur in the regimen of the river'. 

Attached to his paper are small scale re prod ue- 
ttons of the blue print maps, the study oi winch is 
recommended to obtain a general idea of the nature and extent of 
the erosion. 

Mr. Oekersou explains that "the term erosion rather implies 
a steady wearing away. In some eases this condition is fid Ii I led, 
but generally, where changes arc rapid, the process is entirely 
different. No great amount, of caving occurs at high water. The 
period of great activity is generally found to be during the falling 
stage, from a little below the medium stage down," 
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He points out a particular feature in the development of a cut-off, 
quite contrary to popular ideas, which, because of his tone and 
intimate experience of the Mississippi while in charge of its survey, 
is worth recording here as the statement of an authority on this point. 
Mi- says: "The neck of land may he quite narrow with a long dis- 
tance around the bend ; consequently the slope across it is much 
greater than the general slope of the stream. The natural supposition 
then would he that the cut-off would he due to scorn- from the top. 
This, however, is rarely the ease, and the opposite is more frequently 
true. That is, the neek is actually hllilt up hy deposit. Consequently 
the seemingly frail barriers stand tor man)- years and finally break 
through in a few hours without warning. More than likely the usual 
[process iif undermining, washing out a layer of sand, is the imme- 
diate cause of the break. When the surface is once thus broken the 
excessive slope in an overflowing stage plays an important part in 
hastening the demolition of the barriers." 

Cases are mentioned where the hanks of apparently homogeneous 
sand and silt crumble away rapidly and continuously, the caving face 
being nearly vertical. At other places where hanks are of clay, in 
genera] ail of the river below Baton Rouge, there is comparatively 
little caving. Old Town bend, 325 miles from Cairo, is mentioned as 
having been always conspicuous for the great amount of timber stand- 
ing in the water, several hundred feet from the banks proper. Large 
areas slump down, cracking and breaking up as they go, but the 
trees remain standing. Then be tells of cracks winch appeared 

250 feet buck from th«- river face and extended UHm feet in 
length through New Orleans in 1891, the area gradually settled 
. r » to to feet, but further movement then apparently ceased. Railroad 
tracks wen.' levelled up and the levees repaired, and no further damage 
has been done, BoringB in the vicinity show a still" clay for fifty feet 
depth overlying a stratum of sand of about the same depth. 

The Lower Mississippi is characterized by a succession of long 

weeping bends, with short straight reaches between them. The 

channel lies along one side for a distance and then "creases" ever 

to the other, eroding the banks alternately OB either side of the 

river. The channel from one side of the river to the otheria known 
u.s tin "crossing," and it is here that the bars form which obstruct 
navigation. 
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The amount of erosion in the resurveyed length of tin 1 river 
is calculated, and tabulated in the form shown 
below : — 
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The area of erosion was taken out by planimeter from the maps 
of the old survey, scale I to -in. oi mi, ( >n which the new survey was 
plotted. The animal rate of erosion for each area was obtained 
by dividing the total amount of erosion by the number of years 
between the two surveys of that length of the river; this method 
assumes the rate of raving to have heen constant, which, while 
not absolutely true, answers for the purpose of comparison. The 
height Of banks was derived from soundings at known stages and 
known elevations of the banks, huth being shown on the detailed 
maps. Curvature was taken by drawing the curve which best filled 
the general trend of the river, and then measuring the radius and angle 
included between the limiting radii. 

An examination of the table shows that, in the whole lenirth of 
885 miles of river, there arc IT bends with radius of one mile or less, 
25 with radius from I to Ij miles, 27 with radius of U to m 2 miles, 
38 with radius of 2 to :i miles, and <J'.t with radius over li miles. 
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The bunds of one mile or less radius are mostly in the lower reaches 
of the river, 9 being 800 miles or more below Cairo. It might be 
thought, at first sight, that the greatest erosion would occur in the 
lengths of the river having bends of sharpest curvature. This is how- 
ever in >t the ease. 

To assist in analysing results Mr. Oekerson prepared from the 
above statement a graphic representation, of which a eopy is given 
OCxt page, showing the rate of caving per annum on each caving area, 
j dotted as elongated triangles at right angles to each hank of the river, 
tlie apex of each giving the rate of caving in square yards per annum 
per mile of the length, 

Portions of the river which have been leveed are shown on the 
diagram, and the relative curvature of the more important bends 
arc also shown by lines plotted at right angles to the direction of the 
river uii the right bank. These lines express the ratio of the curve 
and its chord, 
,. . . r , The following are, in effect, the conclusions 

Conclusions (> r Aim- ° 

lysis hi M:i|<- nint iMn arrived at by Mr. * K'kerson by analysis of results 
k^ 1 " 11, obtained from the survey : — 

From Cairo down to 51 milts below it the erosion is tolerably 
uniform, Though there are some areas of considerable erosion they 
are all far less in amount than in the next reach or stretch of river. 
In this length there are ten cut-off lakes, or an average of one for 
every 51 miles of river. 

The maximum rate of erosion occurs between limits of 510 and 
660 miles from Cairo ; it is here far in excess of that of any other 
reach. At 620 miles on the left bank, at Newton's Bend, it amounts 
to 224,000 square yards per mile per annum. 

The left bank levee system ends at i>7o miles below Cairo, near 
the lower end of the Yazoo basin. South of this point the hills are 
close to the river bank, whieh is not leveed until Baton Rouge is 
reached, 830 miles lV.un Cairo. The right bank levee system begins 
4*J5 miles below Cairo, and extends down to 735 miles. It is seen 
then that the area of greatest caving coincides with the leveed portion 
of the river in the middle reach. Mr. Oekerson remarks that u this 
coincidence suggests that there is some intimate relation between the 
two." He draws attention to the fact, however, that the comparison 
made gives no clue to the rate of erosion before the levee period. 
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It must In- mentioned here that south from Baton Rouge the 
levees are intact on hoih sid< ■> ,,f the river, and they stand immediately 
Oil its hanks, winch are generally l'"» feet <»' more in height, yet 
caving is comparatively liffht. The caving diminishes gradually too as 
the Gulf is approached. 

Then, speaking of other factors which undoubtedly influence 
erosion, he points out that the eut-off which occurred in 1884 at Coles 
Point, 665 miles below Cairo, shortened the distance between Vieks- 
burg and Natchez about 12 miles, or about 12 per cent, of the length. 
The increase of slope in this length must have had a marked influence 
mi bank erosion there. < hi the other hand, that erosion has been active 
in this region for a much longer period than the levees have been in 
use is abundantly shown by the nine cut-off lakes marking the former 
bed of the stream, an average of l to every 17 miles of river. 

Moreover, as previously stated, it is generally acknowledged that 
active erosion is greatest at or below medium stage, that is when the 
river is within its hanks. Air. Ockerson puts the question " How then 
ean the levees affect or inlhienee (he amount of hank erosion >" His 
analysis does not supply an answer. 

It was thought by the writer that a study of the surface slope 

would assist in explaining tin ■ excessive erosion on 

Klt1 '"' 1 '"'' " the Viekslmrg reach. One would expect at first 

sight to rind it there considerably greater than in 

the upper reaches where the erosion is so much less. That such is, 
however, not the ease is shown hv the following figures :— 

Referring back to the general description of the valley, the slope 
of the river at average stage, from Cairo to Memphis, L'::n miles, is 
given as '408 feet per milo ; and from Memphis (mile 230) to Vicksburg 
(mile 599) as '35:3 feet per mile; while at maximum stage the slope of 
the 1897 Hood from Cairo to Memphis was '488 feet per mile, and from 
Memphis to Yickshurg was '334 feet per mile. 

Again considering short reaches in the vicinity of active erosion, 
Mr. Sterling gives the slopes of high wetter, from Isss to 1893, as 
follows;- From Arkansas City (mile 138) to Greenville (mile 17*) 
slope of '823 to *340 fool per mile. From Greenville (mile 478) to 
Lake Providence (mile 542) "322 to '327 feet per mile, From Lake 
Providonce (mile 542) to Viekslmrg {mile ;»;i!)) '.'Hi* feet per mile. 

Thus just above and on the reach of greatest activity of erosion 
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ill- slop) of average high water is froiu '319 bo '327, while in the next 
peach above it is from -:J23 to "340 feet per mile. 

An examination of the low water slope in short reaches from 
Cairo to Arkansas City for 1891 shows that, except between 
Cairo and New Madrid and from Helena to Sunflower Landing, alto- 
gether only 110 miles out of tin.: whole length, the slope everywhere 
exceeded "M\, ami in places was over 'a feet per mile. At high water 
it varied from '31 to *486 feet per mile from Cairo to Sunflower 
Landing (mile :.J52) ; theme it decreased from that point to Arkansas 
City (mile 438) to -27 feet per mile. 

It may, therefore, apparently be correctly said, in general terms, 
that the slope of water surface through the reach of most active erosion 
is rather less, both at low find high stages of the river, than it is in 
the 500 miles above. 

Mr. Oekerson does not discuss the influence of slope on the 
region of active erosion, but he suggests that "It is more than 
probable that the locality of active erosion is moving slowly, that 
perhaps the adjustment between the slope and momentum and the 
section of river bed and stability of river bank has been completed, 
and tlie proper equilibrium established at the lower end of the river; 
that these conditions of equilibrium are working upstream, preceded 
by an area of excessive activity, and leaving behind «» ideal 
completed river," He says that "we should then expect to find, in 
the course of time, that the area of excessive erosion had moved 
upstream/' 

On the following pints, however, Mr. Oekerson 

by Mr Oekewmj. speaks decisively. 

(I) Excessive curvature and excessive erosion 
arc rarely coincident. This is seen from a casual inspection of his 
statement of erosion. 

(2) The ndr of eyosion is not hastened by cultivation of 
the hanks. It Iihs been argued that the roots of trees hold the soil 
together and help to prevent erosion. If the caving process was 

| of gradual disintegration this might be true, but undermining 

ls the active agent, ami it occurs far below the influence of roots, 
Mr, ( >ek,TS(iri says that "A careful investigation of all the bends 
fails to reveal any irregularity in erosion of alternating strips of 
timber and cultivation in a caving reach, and it is reasonable to 
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conclude that the character of the vegetation 1ms little or nothing to 
do with the amount of erosion." 

(3) " It very rarely happens th;it both hanks cave in the same 

locality at the same time, ami, as a general rule, it may he accepted 
a> practically true that erosion on one hank is followed hy an 
equivalent accretion mi tin* other." 

In summing up the totals* of the tabulated statement it is seen 
that in S85 miles of river there are !U<> miles of earing hanks 
including islands. The a venire annual rate of caving per mile of 
river is about '.) acres; the average depth is (>G feet; and the 
volume of erosion per mile is 972,092 cubic yards. Tin- avorago 
annual erosion from Cairo to Donaldsonville would amount to about 
In square miles 84 feet deep. 

It is said that hy sediment observations, the amount of solid 
matter in suspension passing New Orleans is computed at 1 1.) .square 
miles, '2(j-H feet deep, or less than one-third of the amount of erosion. 
" The two-thirds and more not accounted for go to I mi Id up the bars 
which obstruct navigation and the points which follow the caving bends 
by accretion." 

The writei* thinks further and very important conclusions can he 
drawn from the study of these maps. They are : 
K '':^';;;:;:!;::;' ,,i ' (I) that in general the direction of the movement or 
progress of caving in a hend is largely inllueneed 
by the direction of the channel crossing; (2) that the width of the 
eroded area increases as the erosion, or caving, progresses down- 
stream, until the 
point of reversion is 
approached ; and ('A) 
that the concave 
curve of the hank left 
hy the advancing ero- 
sive action i.s gene- 
ally situated to the 
downstream side of 
the produced line of 
the crossing or line 
Of approach of the first attack. This "downstream side" may he at 
any point of the compass, irrvspectivy of the general direction of the 
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river. The movement of the erosion is dependent on the direction of 
the crossing* not, on the general axis of the river. 

Tlie curved shade liiu-s on the concave bends, in the marginal 
sketch, illustrate the movement of the erosion in a downstream 
direction with reference to A li, the produced line of the crossing. 
Many examples of this movement may be found on the maps. There 
are exceptions to it, but only a few that can apparently not be explained. 

Of course these remarks only apply to reaches where the river is 
confined to one general channel. At or near tributaries, or outlets, 
there are disturbing factors which generally so alter the condition that 
the resulting eddying How may cut all sorts of freaks. Again special- 
ly constructed dikes or revetment works along the hanks may limit 
or modify the action of the river: and. in examining the maps, it is 
accessary to choose only fair examples to reduce any general conclu- 
sions IVom the recorded changes which have occurred between the 
two surveys. 

Attention is particularly drawn to this point because, if a general 
rule can be deduced from the history of such movement, it should 
greatly assist in the location of a loop of a levee, or river embank- 
ment, the encroachment on which is being threatened at a caving 
bank of the river. 

Mr. Oekersou has not remarked especially upon this point, yet 
I bat the progression of erosion along the concave bank is recognized 
by the Mississippi Engineers is clearly evidenced by remarks made 
by Mr. Starling, at a discussion on Mr. Ooppeo's paper on Bank 
Revetment, read before the American Society in 1896. 

He says that "In the early application of bank protection care 
was taken to rest the upper end of the work under a bar or at a point 
when; the bank was stationary, so that the revetment should not be 
Hanked or taken in reverse by erosion above its commencement." He 
relates bow this precaution was sometimes carried to excess, bow by 
the time a mile or so of work bad been completed, " perhaps half of it 
w*s rendered anneccssary by the advance downstream of the bar at 
its head." When Greenville was threatened in 181)1, it was decided to 

depart from tl rdinary method ami begin at the lower end of the 

Caving reach where there was the greatest necessity for immediate 
action. Over <;,(.)O0 lineal feet of mattress was laid from below 
upward, *' It was feared there would be a very serious loss of 
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material at the upper end, bul the apprehensions were not justified by 
the event." Next year over 4,000 feet were laid the same way with 
the same results. The success of those experiments imlueed the 
Mississippi Commission bo proceed in the same manner at Lake 
Providence in L895, and Mr. Starling says, " Doubtless this will be ;i 
well-recognized feature of practice in the future." 

In other words, it may be said to be recognized that the move 
ment of erosion is downstream, and that by working op to meet it a 
considerable amount ot" bank protection may be saved by the move 
ment downstream <*f the destructive forces during the progress of the 
work. 

If we could but anticipate, or locate, the probable movement of 
the mure violent erosive forces it would enable us to effect consi- 
derable economy in bank protection works ami in flood protection or 
levee Works ; in the latter, especially where it becomes necessary to 
retire the levee line and construct anew loop because of a threatened 

encroachment of the river. 

Since writing the above note it lias eofiie to (he writer's notice 

that incidentally the Mississippi Commission have 
Tin* Jii*iisMjt|ii Com- , " , l l , 

miMMon'i description ot recorded, in definite terms, a description of the 

C'lVill-.'. , ,, . , . , . 

movement or travel ot caving, wnicn may there- 
fore be quoted as authoritative. The following is an extract from the 
report of a special Committee of the Commission, " oil the general 
plan upon which shall ho baaed the future recommendations of the 
Commission with regard to the improvement of the river," given in 
Volume \T of the Chief of Engineers' Report for 1896. 

"The general shape of the river channel presents a series of 
groups or bends whose convexities are alternately turned in opposite 
directions. Against the concave side of these bends the current 
usually presses with force and the banks are eroded steadily, though 
at greatly Varying rates. The water in passing from one bend to 
another usually spreads out in a fan-shaped mass, in such a manner as 
to enter the lower bend throughout the greater portion of its length. 
Following this concentration we find the erosion, jis a general rule, 
least at the head and f/rratrst Inintn/s ike foot of inch Intnl. 

" It is, however, rarely continuous and uniform, but generally 
starts over short lengths of bank, forming pockets, which Work tloiru 
stream by erosion on their lower sides, thus removing ultimately a 
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swath of varying width; this tatter increasing as the cut progresses. 
These cuts change the direct ion of flows sufficiently to affect the 
crossing into the aext bend. This in turn changes the point of 
impact, and a new focus of erosion is started, which, in turn, affects 
the bend below and so on indefinitely. 

They next state : " It is therefore apparent that this destructive 
effect must be stopped from above as it always travels duwustrftetii, 
never the reverse, (The italics are of the writer.) 

'' It is also well known that caving is rarely ever continuous 
throughout a bend, though successive caves, initiated as stated by 
changes above, may ultimately extend it over the entire bend, and 
it will appear like a continuous action when the results only of a long 
period of time are considered." For this reason it is added, "it is not 
believed that all caving banks will need protection, nor the entire 
length of concave bends." 
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CHAPTER IV 

Levees or Protective Embankments — LossoQ9 of the 1891 Flood — Levee 
Construction in 1898— Effocts of Levees on the River Channel. 

LEVEES OK PROTECTIVE EMBANKMENTS. 

Pke viol's to the war tin- fronts of the different basins in the 
C, ii tral Valley were protected by lines of levees 
of weak profile and insufficient height During 
1 1 1 u war the armies frequently cut the levee lines, and then the Roods 
of 1802 to i860 very generally destroyed the remains left by fche 
troops. Spasmodic efforts were made by local authorities to repair 
their levees, but the flood of [882 again devastated the whole 
country. 

The United States Government then gave assistance in recon- 
structing the levee lines, and sinee that date, 1882, the work has been 

rigorously prosecuted by fche General Government and by the State 
and Local Boards. At the present time it i^ ivei ionized that there is 
no doubt of the ability of the Engineers to construct levees which 
will give thorough protection, if funds be granted sufficient to Under- 
take the raising and enlargement of fche whole system to such height 
as experience and investigation are showing to be necessary. 

Ah stated before, the levees, or river embankments, are not 

entirely Under the control of tin- doled States 

District Cunt rnl. _ n ■ >, t> i • I* • I i 

( orps engineers, tic responsibility n<, mg divided 
with the Local State Engineers, practically relatively bo fche allot- 
ments granted by Congress and the Local State Governments, 

The first CJ. S. Corps District covers about 200 miles of river 
below Cairo, and includes the leveeing of the St. Francis Basin, a 
contemplated total length of about 220 miles of levees on the right 
bank of the river, of which about 130 have been constructed. 

The second District, 1 18 miles long by river, includes two Levee 

sub-divisions, ri-.,, the White River Levees on the right bunk, 
from miles 306 to 385, in which (i I miles have been built to protect 
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the White River Basin; and the Upper Yazoo Levees, on the left 

bank, which contain* 1 24 miles of levees. 

The third District, 220 miles by river, includes the Upper Tensas 

Levees, 17;) miles in length on the right bank, and the Lower 

Yazoo Levees, 185 miles in length, covering about 216 miles of river, 

oa the left bank. 

The fourth District, which extends from about mile 000 below 

Cairo to the Passes, comprises the following Levee systems. On the 
rtght hank: the Lower Tensas Levees, a continuation of the Upper 
Tensas line, about 130 miles in length; the Atehafayala Levees, 
extending from the mouth of the Red River to Bayou Lafourchei 
also 130 miles long" the Lafourche Levees, which are continuous from 

Bayou Lafourche to New Orleans, it distance of 75 miles, and the 

Baratam Levees, south of New Orleans to the "Jump," a few miles 
above the Passes, 72 miles in length. On the left hank it includes the 
Pontohartrain Levees, which extend from Baton Rouge, 833 miles 
below Cairo, to New Orleans, a length of 125 miles, and the Lake 
Borgue Levees, which are continuous from New Orleans to Fort St. 
PhUlip,opposite Fort Jackson, at mile 1,039, and have alengfch of 75 miles. 
There are a few short lengths of levees below this point built by 
the land-owners as part of fence levees enclosing small tracts of 
cultivation. They are, however, of little importance and are not 
included in the lengths which are cared for by the State. 

Tabulating above figures of lengths, the distribution of the 
system of levees, from Cairo to the Passes, is as 

Hiitiililury i if HOOV0, 

shown below : — 
First district, right bank, 130 miles ; left bonk, mile. 
Second ,, ., ,, Gi „ ,, « 124 „ 

Third „ ,. „ 173 „ „ ., 185 » 

Fourth „ » „ 407 200 „ 



Totals riglit bank 774 „ left bank 509 „ 

Or a grand total of 1,283 miles of levees on both sides of the 

river below Cairo. 

The cubic contents of levees standing in 1882 have been given by 

Captain Townsend at about 32 millions cubic yards. This had 

increased by 1805 to about 99 millions, aud at the present time is 

little short of 1 10 millions cubic yards. 
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The requirements of levees, or protective 
Levee wuitwneni*. 11 1 1 • i- 

embankments along t he river trout, are, as 

concisely expressed by Captain Townsend, as follows : — Sufficient 

height above floods to prevent their being overtopped ; sufficient 

mass to avoid surfaces of saturation being formed, on which the 

superincumbent material might slide ; such width of base as will 

prevent the creep or pressure of water in the foundations from forcing 

1 ml the material of the embankment on the land side ; the protection 

of slopes from erosion by rains; and the protection of the water 

slope from erosion by waves during Hoods, or by river current 

where the embankment is close to a front of tin.- natural bank of 

the river. 

There are great variations in the description 

£S££^L »f "»I »f w»«ch the levees are constructed, very 

similar to those found in the Indus Valley. 

It should first be stated that the whole of the Central Valley is of 

prehistoric origin, excepting the Delta and such portions of the 

Valley within the oscillation of the river where banks have been 1 milt 

up in re'e.iU times by the working over of the older deposit. 

The characteristics of the materials found <tn or near the surface, 

within the lateral oscillation of the river, are therefore similar 

throughout the Valley, whether found in recent or older deposits. 

They consist of clay, loam and sand, pure or mixed, 

(.'A;//.— T!ie clay is of a blue, plastic variety, very still' and strong. 

Even where of recent deposit it* origin was from the original 

w Boulder-till " of the drift period, which has been brought down by the 

river and built up in the banks. It is commonly known as "Buck 

shot," a name given to it because of its breaking up into round 

fragments of the size of large shot or bullets after it has weathered 

and dried out. It forms a good material for construction, but, when 

pure and unmixed with other material, does not stand very well at a 

slope of I) to I. When mixed with sand it is the best material 

available and makes an excellent loved. 

Loam. — The loam consists of a fine light, soil largely sandy 

in composition but, owing to the periodical heavy rain common 

throughout the valley, it has a stiller consistency and is heavier than 

that usual on the Indus. 
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Sum/. — The sand varies in size liku that of thu Indus, but is a 
preferable material for construction of levees on the Mississippi, 
because, wben put into the hank there, it is generally <more or less 
moist and consolidates better than does the dry sat id of the Indus 
Valley. 

Pure sand is much distrusted as a materia! for construction 
owing to its looseness and the difficulty in consolidating it sufficiently 
to render it impermeable, It is also liable to slip when wetted, 
even when the slopes are flattened out There are similar objec- 
tions to loam except that when grassed or sodded it stands well at 
grade. 

There is usually, however, little choice in the selection, of material 
for the levee. It is built, as a rule, of earth obtainable within a 
reasonable lead, generally from borrow pits on the water side 
immediately in front of the levee itself A hewn of thirty feet in width 
from the toe of the water slope is left and the pits are deepened as 
the excavation departs from the toe, till at a distance of about 100 
feet the depth may he as much as Prom four ti> five feet 

Tin.' precautions taken in practice How mi the Mississippi are 
Prccanffow in generally similar to those recognized of late years 

omsimctinu. as ngeessaxY on the Indus. The ground is 

thoroughly cleared of all trees and vegetable matter, stumps and Foots 
arc dug out, or, when large and not otherwise manageable, are blown 
out with dynamite. The base of the embankment is then broken 
with a plough, ami in had ground where the material is changing 
quickly, or at crossings of depressions, a " Muck Ditch" or con; 
trench is dug out of varying dimensions to give a Letter junction with 
l lie underlying material. 

Tla> earth is taken from the borrow pits by barrows or scrapers, 
preferably by the latter, as the tramping of the mules and traffic of the 
wheels assist in breaking up and consolidating the material. Of late 
year's tin- w I,.-, ■! ,s ( -niper has become very popular, not only on river 
embankments, but on canal works in Canada, and generally on em 
hankuient works of all kinds throughout the whole of the American 
Continent. 

The writer saw them at work at several places. At one loop 
©lubankment on the Mississippi, where the ground was very hard. 
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being pure buck-shot clay which hail only lately been drained and was 

not only stiff but heavy and strong, the work was proceeding in very 

good style. Though the plough was continually employed to break 

up the ground in front of the scrape?, a span of tour moles was 

necessary to drag up their loud which gave them as much as they 

could manage on the elope of the levee. The results were excellent 

as regards consolidation of material, though it was wetter than the 

writer would like to see put into levees or water embankments in 

India, where it is afterwards exposed to a continuous hot sun. Even 

in the Mississippi Valley levees made of buek-shot clay are found to 

crack and have to be carefully watched as the river rises on them. 

Practical experience has developed certain lorn is of general 

application, though these are sometimes changed to 

suit local conditions. 

Water-slope,— A slope of three to one, well sodded, with Bermuda 

grass (a jointed running grass which spreads by putting out new 

roots at the joints), is found to resist the action of rain and of river 

currents as a rule. It is now generally adopted for the water-elope of 

new levees or loops. 

Cnnrit, — The width of crown varies from six to ten feet, but ci"'ht 
feet is general. It provides space for patrolling, and for storing 
material for the repair of damage during floods. 

Land slope. — A land slope of three to one is now common, but for 
hanks of greater height than twelve feet a haiupiet on the laud side is 
generally recognized as advisable. The anquet, or borm, varies in 
width from twenty to forty feet, according to the height of the levee 
and the character of the foundation. The crown of the banquet is 
given a land slope of about one in ten tor drainage purposes. 

In the fourth District, where a large portion of the work has 
been, and is being done \ty local State Engineers, the form of section 
generally adopted is as follows : — Width of crown, 8 feet; river 
slope, :; to i ; land slope for 6 feet from the top, l't — 3 to I ; the next (i 
feet slupe, i to 1 ; and below this, 6 to I. This sect inn probably more 
nearly fulfils the requirement as regards strength than any other, if it 
could be built of full eventual requirement or section at once. Bui 
there arc practically no lengths in existence where such is claimed to 
have been done. The objections i<> it are that the material taken for 
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topping during floods is situated fin down the slope ; it does not lend 
itself readily to enlargement ; besides, in the original construction, it 
involves additional trouble owing to the changes of slope, 

The writer gathered that the banquet form is generally considered 
to have many advantages. It provides space for materials and also 
for a roadway in time of floods when the back country, especially in 
depressions, is covered with seepage water ; it affords material for the 
topping of the levee when necessary during high water, anil also gives 
a better form of cross-section for subsequent enlargement or raising. 

Tiie general conclusion is that the section with banquet is the 
best form for general adoption, Most of the new levees now being 
built under the direction of the Commission have this cross-section, 
with variation merely in the width of banquet and occasionally of 
slope, to suit special requirements. 
The general grade adopted has varied in the different districts, 
Tlf history of |i-v.-e roitMnirtion \v,\> hern soine- 

Qnnlc of Levee nine. . ..' . « , , . . 

what similar to that * « r the embankments on the 

Indus; as the lengths of levees protecting basins have been extended 
the flood levels have been raised, and enlargement and raising of 
former levees have resulted as a necessity. 

Provisional Grade. — Consequently, throughout the Lower Missis- 
sippi Valley the different districts are now working to what is called a 
" Provisional Grade," it being recognized by the Engineers that, with 
the limited funds allotted and the time available for construction 
between high waters, the best method of affording protection to tie 
country is to work up by degrees to the eventual, or final, grade 
necessary for the whole length of river. Besides, they have to 
consider the difficulty of at present forming a correct estimate of what 
the eventual grade will be. 

Heights adapted for provisional <jrad<:. — Previous to the flood 
Of 1897, fchftt of 1882 was recognized as the greatest flood of modern 
times of which records of height were definitely known. Grades 
adopted in the several districts were, therefore, fixed with reference to 
that, flood. In 18'.J(i the levees generally were completed to the 
provisional grade level. 

The provisional grade was usually three feet above maximum 
Known stage of the river in the length under consideration. In certain 
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short lengths it was somewhat less, while in others, as opposite basins, 
considerable lengths had a grade with as much as four to five feet 
free-board, or of height above flood level. The variations in heights 
adopted were due to the relative amounts of work necessary to bring 
the crown to any desired grade, the allotments available and time 
required tor enlargement or completion. It was well recognized that 
as the upper basins, which formerly acted as safety valves or gover- 
nors of high floods, were shut out, the increase in stage height would 
probably necessitate further raising of the embankments throughout 
nearly the whole of the length of the river, and particularly iii the 
middle reaches. This has hern confirmed by the experience of the 
1897 Hood, the highest on record throughout the whole length of 
river excepting the first 70 miles below Cairo, 

It is, however, satisfactory to read in the report of ) H97, after the 
experience of this great Hood, that the Mississippi Commission record 
that "the important fact, that the flood waters of the Mississippi 
may lie permanently controlled by a system <>f levees that can be 
constructed within a limit of expense, warranted by the advantage to 
be gained, seems to have been fairly demonstrated by the flood of 
1897." They estimate that, the works necessary to complete the levee 
system and to give satisfactory control of nil future floods would cost 
about $18,000,000. 

The 18N7 flood was remarkable for its unprecedented high water 
in t hi? Lower Mi>M>sippi, and aU> fur if s duration, It exceeded previous 
records at all points from 70 miles below Cairo to the sea by heights 
from 1i to :ii feet, as far down as Carrol ton. The excess at Carroltou 
was ] •<; feet ; thence it fell to four inches at Port Jackson. In all ;lii 
crevasses or breaches occurred in the levee lines north of the 
Red River Landing, Altogether 8 ! -|- miles of embankments were 
carried away, and some 10,000 square miles of country inundated. 
A large portion of this is, however, not under protection of the 
levee system, being at the smith or lower end of basins and subject to 
overflow from hack water; it would have been inundated even if 
there had been no crevasses. South of the Red River Landing the 
levee stood intact, though exposed to a \i-ry serious test. It was 
only held by topping, or capping, added as the river rose to tin* level 
"f the crown of the levee, and, in some cases, continued to rise to as 
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much as 2 t<i 2 J feet above it, incredible as this may seem. The 
methods adopted for holding the levees is a subject fur separate 
description which will be dealt with further on. 

To illustrate the influence which extension of levees lias on high 
water discharge of the river, Captain T iwnsend examined the records 
of gauge height, cross -sect ion, ami discharges, at Lake Providence for 
a number of years- from 1H82 to 181/3. After discussing the figures 
of measured discharges and of How across the alluvial valley, he 
.shows that out of an estimated flow across the valley of 2,000,000 
cubic feet per second in I SJS2. mdy 1,057,000 was measured as the 
discharge of the river; and of [,750,000 flowing across the valley in 
L893, the discharge of the river had increased, according to measure- 
nients, to 1,408,000 cubic feet per second. 

The increased discharge of floods held between levees has been 
accompanied by a rise of several feet at different points along the river. 

Gr08*section Liiwrr Y'l-.i'D District. — Mr. Starling gives the 
Following as the usual cross-section in the Lower Yazoo District, vu., 
crown, eight to tell feet ; slopes, three to one ; with a banquet of 
twenty feet width, and outside slopes of 4 5 to I. The slope of crown 
varies from one In ten to one in twenty. 

It may be mentioned here that banquets or berms are never 
built on the water slopes of levies on the Mississippi, it being agreed 
thai the placing of the banquet on the land side has many advantages, 
while, at the same time, it is considered capable of providing practi- 
cally the same strength to withstand water pressure as if placed nil 
the water side. 

Tin.' slope of the water surface varies considerably with the stage 
, ,, , of the river in the length coneemed, especially when 

I 'i-.tnijiiin.il of Qnults. 

short reaches an- considered. And when the levee 

line makes a sharp turn and line of re-entry towards the river across 

its former direction, this ponds up the flood water along the face of 

the levee, often to nearly the' same height as it stands at for quite 

a considerable distance upstream. Where changes in direction of the 

levee line occur this tact must be steadily borne in mind in Iking its 

glade. 

The grade of most levees, if correctly lived with reference to 
alignment and maximum high water along the face, will be a siicces- 
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siui) of alternating flat and steep inclines or slopes, and not a conti- 
nuous slope. By "grade," as used here, is meant the crown line 
Indicating the free board provided above the line of surface of maxi- 
mum flood on tlif fare of the levee concerned. 

There is a difference of opinion about the necessity for and utility 
x , , ,,. , of the muck (lit fh. In cases where the new line 

.Hue!. J t! I fir, 

<if levee crosses drift sand, as, for instance, at a new 

loop behind the old line which lias been broken or breached, leaving 

waves of drift sand over the original ground, there is probably no 

doubt that a muck diich or cure trench is advisable t<i make a good 

junction with the original ground. Si> also is this the case at crossings 

of bayous or old channels, where the top surface is often not consolidated. 

But generally where the base of the levee rests on ground 

num.: or less of the same character and tolerably even, there is nearly 

a consensus of opinion tltat the only advantage gained by construction 

of the ditch is a better break-joint against the creep of water when 

ili-' levee is first wetted. Mr. Richardson, a State Engineer of long 

experience on the Mississippi, has expressed his opinion that the extra 

cost of the core trench can best be expended on additional earthwork 

for the enlargement of the cross-section. Tins remark, the writer 

thinks, may be applied more especially to levees of twelve feel in 

height and under. A,bove that height greater attention is necessary 

to the general dimensions adopted tor tin. 1 cross-section to suit the 

conditions, not only of great it Water pressure, but also of the ground 

on which the base uf the embankment will rest and the material of 

which the embankment will be built. 

\n dotibl a shallow and broad muck diteh gives a good break- 
joint, and its construction further secures the thorough examination of 
that width at [east of the base and the removal from it of vegetable 
matter and routs. 

The result of expcrieiuv is that ample provision must be made 
for settlement, Theoretically this should vary according to the 
height. Across bayous or depressions, where the height of the levee 
is in some cases as much as twenty feet or even more, and where the 
ground is generally of softer material, extra provision for settlement, 
is advisable. The general rule is to allow one fool in ten for settlement. 
This extra height above grade is built by the contractor without extra 
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[iay i limit, the measurements on which he is paid being those of eross- 
sectiona with heights required by the grade levels. 

Endeavour is made to build new loops a year ahead of their being 
i, ufiiswatr-T against called upon to do their duty of protecting the 

ru-w Li-vuia. country behind, in order that they may be 

consolidated and be better capable of resisting the water pressure 
against them. The practice of the Louisiana Engineers is, so says 
Mr. Starling, when it is seen that the loop will be called upon to doits 
duty, to cut the old levee in several places and to let the water 
against the new bant gradually, in order to avoid a rush of 
water against the new work. The chief advantage of this practice 
[fl thai it gives time to repair leaks or other defects as they become 
evident with the slmvlv rising water. Settlement is gradual and 
the sudden strain due to a quick rise i> avoided. 

S<rj>tftp> water, — Though the embankment itself may be sound 
OmtA i-.-v-.-H «n the ^H! is a cerk»B amount of seepage through the 
rtootl Sanson. bank, or leakage of water underneath the bank 

due to the looseness or want of consolidation of the materials com- 
posing both the bank and the ground. Especially in old levees, or 
in enlargement of such, is this more evident, in consequence probably 
of the original ground not having been thoroughly cleared of 
Stumps and routs. 

Again the leakage may be due to hides made by ruts or other 
animals letting in the water {.< pes! linns half-way or more through 
the bank itself Thence the water may find its way to the land side 
by washing away particles and enlarging the pores, eventually 
causing a slip on the laud slope if the high water lasts sufficiently 
long ; or it may work through the subsoil and finally come up quietly 
tu the surface in sand boils of varying size. 

Sand hoiks. — These boils or exits of the seepage water sometimes 
develop sufficiently to undermine the land slope, which then slumps 
down and if neglected, they may develop quickly into a breach- 
Sand boils are therefore carefully watched Those in which the sand 
is merely playing in the exit arc not dangerous, but when discolored 
water passes or is carried outside the rim of the boil, there call be no 
doubt tlnit the leakage is carrying off material and is gradually 
enlarging itself. A muddy seep or boil is therefore always suspicious. 
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If discharging muddy water it may be bottled by building around N a 
small embankment, or by making n small low loop embankment on the 

liiinl side of the levee to enclose it, 
as shown in tlir margin, The space 
enclosed within the low embank- 
ment of the bottle or of the hoop 
serves hi hold or pond op the water 
an*l thus relieves the pressure caus- 
in^' the discharge of the seepago or 
boil. 

Mr. Starling says* " There 
is no incident of high water mark 

that is more alarming to the 

novice than the slouching or slip- 
of the land side of 1 1i»- levee, when water is standing high 
against it <m the river side. This is an accident 
which frequently happens to green levees, especially 
It built with wbeel-barrowa and without tamping. While this would 
In' ii formidable evil if unchecked, it is une not difficult to remedy it" 
men and materials are at hand." He recommends buttressing up 
the slipping earth with lines of stakes and brushwood and poles 
laid between them, and then after a dressing of brush has been laid on 
the sloughed material,, fresh earth is thrown thereon till the section 
is restored to something like its former shape. He points out the 
danger of overloading, as this only makes the slough worse, and adds 
" it is sometimes advisable to put in a brush drain to lead off the 
water.* 1 

This method of dealing with sloughs is common in Sind. 
Mr. Richardson, Chief Kngineor, Lmisiana State, as will be Been in 
his note on the lessons of the ih!»7 flood given further on, speaks 
in no undecided terms in favour of putting the earth on the water 
side iii preference to the land side, in order to stop sloughing. 
Mr. Hardee, Assistant Engineer, Lower Tensas District, is of thu 
same opinion. 

lie, Mr. Hardee, says, " The only effectual method of stopping 
sloughing is to stop its cause, that is, the percolation of water through 
(he embankment The treatment consists in dumping earth in the 
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Water over the river slope ; the particles become swollen and the leak 
is stopped." In illustration of* the siiceess following this principle of 
applying the remedy to the water side, lie describes how leaks are 
closed in seams of coal barges. The seams are not caulked from the 
inside of the barge, which would involve trouble in removing the 
coal, hut the bargee lowers a cupful of saw dust at the end of a 
slick into the water, and then shaking it close to the leak the saw-dust 
is carried in with the water and becoming swollen closes the leak. 
Similarly with sloughing levees, the good effect of earth on the water 
slope is soon seen by the reduction in seepage, and in inclination of the 
land slope to slip. The hlankcl oil the water slope is thickened and 
enlarged, seepage ceases, and the land slope dries out. He advises 
their being dealt with in the earlier stage, and remarks, that to the 
experienced eye the accumulation <>(' moisture mi the land slope is 
sufficient indication of a threatened slough, which can often he easily 
stopped by a thin blanket of earth on the water side and a little 
drainage on the land side. 

When sloughs an> due to the had material of which the levee 
i,.,,,,,,,,.,,, llf was made, they are often accompanied by settle- 

sniKiWfiitv m i.-vi-s. mcut of the levee itself, sometimes uniform but 
often greater on the laud side slopes, The rear half of the hank 
then separates itself from the front> leaving a longitudinal crack, and 
reducing the useful part of the hank to withstand water pressure 
to less than half its original section. 

To render the levee safe and prevent it breaching, it is then 
necessary to thicken up the front side by blanketting the water slope 
heavily with new earth, either louse or in hags. The hlankctting is 
sometimes assisted by a revetment of short piles driven at a slope to 
form a crib to hold up the new material. This erih proves the 
more useful if the settlement continues and a capping to the embank- 
ment becomes necessary to keep the general level above that of the 
water. The capping may be of loose earth or, if exposed to waves, of 

sand bags, re correctly earth hags, laid in tiers breaking joint 

With each other. It is stated that subsidence frequently continues until 
quite a considerable banquet forms on the land side. The longitudinal 
Crack should not be filled, as this would merely tend to further open 
it out, and all capping should rest on the water side of the crack. 



( 7* ) 

The reports of 1897 give accounts of the remarkable Buoeess 
pousible in fighting a river i»v capping the embank- 
inent "with earth supported by crib wont and with 
hags. It is related th:it many miles of levees were thus raised from 
li to 2 i'eet in height, ami were successfully held with the river level 
at a height of from G inches to as much as %\ feet above the original 
grade of the levees. The bags and timber Were delivered at con- 
venient points in barges according to the requirement* ; and it is said 
experience shows that when the lever is below the standard of safe 
grade it is advisable to have storedioiises along the levees in which 
to keep a stork of materials ready for an emergency. 

The accounts of the quantity of material used on this 
merely temporary work, its cost ami difficulties, are in the writer's 
opinion, merely at) additional proof of the advisability of making 
greater effort in the working season to bring (be levee to 
standard section. One dollar spent in permanently strengthening 
the levee at weak places is worth a good many more spent in the flood 
season. 

In capping witb saeks, two sacks filled with earth are laid abreast 
near the river-side edge of the crown, forming a base two sacks wide, 
and additional rows of' sacks are placed on the bottom tiers until 
the desired grade is reached, all joints being broken to minimize 
leakage. The sack capping is then barked by earth well tamped by 
hand mauls to the extent admissible by the width of the crown. 

Thtj levees of the Mississippi are generally much more exposed 
to wave wash than those of the Indus, and great 

I'h'tlvtli f xlnilM. .,„ ... , • -I'll. |. 

difficulty is sometimes experienced in defending 
them against the erosion t>{' waves. Imperially is (bis the case 
in the lower reaches nf the river, where there is an absence of forest, 
growth, and where the levees are often built immediately on the 
natural bank of the river. Even where levees run through forests 
ill the tipper reaches, they are much exposed to the wash of waves 
when situated near the river front. The trees, generally cypress, 
of the older forests are of large growth, as much as 15 to '11 inches 
in diameter, with but few branches in the lower 10 to l*D feet of 
their height from gnamd-Icvel, and there is little natural protection 
to levees on the river front except that given by willows. In places 
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this is excellent, especially where there is a new growth on an accretion, 
but the heavy 1 1 en land on them for the construction of mattresses 
thins out a good deal of the older willows bordering on the face of 
the river. 

On the upper reaches the levees are generally set well back from 
the river, and the Bermuda grass, specially cultivated on the slopes, 
usually proves sufficient protection. In years of exceptionally high 
floods it is however necessary to resort to temporary expedients to 
Save the slope of the levee at exposed places from erosion. 

Temporary protection. — The temporary remedies adopted include 
laying down refuse of sugarcane, rot ton stalks, earth hags, planks, 
washhourding, and wooden revetment. 

Permanent revetment* — In very exposed situations permanent 
plank revetment is resorted to. The extent of this, particularly South 
of New Orleans, was a complete surprise to the writer. The levee 
lace is there close to the bank of the river, and is protected mile after 
mile hy what is practically a permanent plank revetment. 

It consists, in the lengths examined by the writer, of two thick- 
nesses of ;i-iiiL'h planking standing at u hatter of about one in four spiked 
to horizontal stringers, fastened at each end to posts which have a hold 
on the ground at the toe of the slope, and are given additional support 
hy struts hutting on the face of the levee. The life of the structure 
is limited, it is said, to from 12 to 15 years; and the writer 
gathered in the course of conversation that the question of replacing 
the older parts of the work, possibly by brick or some other material 
better than Wood, may soon have to be considered. 

Temporary wooden revetment.— A fighter form of the above is 
built as a protection against wave wash and erosion on levees made of 
sandy or light soil in exposed places. The posts are 3 J( 3 inch 
scantlings and they are driven at distances apart of from six to 
eight feet into the slope of the levee at the water edge, with batter 
towards the crown. They arc anchored back by G x l' inch braces, 
fastened to anchor stakes driven into the crown of the levee, and 
are framed or joined by horizontal pieces at top and bottom. Inch 
hoards are then placed horizontally and fastened to the post by nails 
to a height of about three feet ahove water-surface to prevent their 

being overtopped by waves. 
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Wuskboarding, — This is a still lighter form of wooden revetment 
useful only for fighting high water. It is resorted to for protection 
of new topping, and consists merely of inch boards nailed to vertical 
stakes driven in the oank near the water's edge, 

None of these forms of wooden revetment, are suitable bo the 
Indus levees, as the coat of timber for their construction would there 
be considered prohibitive ; but capping and protection of tho slope with 
earth sacks or bags might apparently be adopted with advantage at 
severely tried points difficult to hold in extreme rases. Mr. .Stalling 
says that "with plenty of sacks and a well-organized and well- 
equipped force, a competent high water foreman will hold a sound 
levee of standard dimensions against anything short of a hurricane. " 
The bags should be laid with great care in regular <->mr*cs, and against 
a violent wind may be bud as headers with their ends butting on the 
slope, <ii' as headers and stretchers, making the thickness that of the 
length of a bag. 

The general method adopted on the Mississippi for closing ere* 
vasses, or breaches, is in principle the same as that 
followed on the Indus, with additional refinements 
due to experience and facilities hi obtaining suitable materials. 

Large crevasses have occasionally been successfully closed, but it 
seems to be generally admit ted now that, unless the breach is dosed 
soon after it occurs, or the shallowness of the water and nature of the 
ground promise decided success, attention had better be directed to 
prevention of enlargement of the crevasse. The ends of the levee are 
therefore protected with earth bags, and short spur dykes are built out 
at right angles to the levee near the broken ends to protect them 
from the rushing eddying discharge through the crevasse. 

Mr. Starling describes what be considers the only sueeessf'nl 

tii. ■>■ ctwic rirtit" method of closing a breach, called the Creole Plan, 

i ,,i,„i,,,t,vi 1 ^, ,u follows :—" This plan may be likened to the 
operation of raising a moveable needle dam, 

'■ First, a number of bents are set up, analogous to tin- trestles 
of a .Poiree dam, then stringers are placed to connect the bents, and 
lastly baud piles are driven in front of the stringers, supported by 
I lie latter in place of" the needles. Tin? work is completed by filling 
in with sacks and earth," He says the first thing to be done is to get 







Crevasse on Stokes' Plantation (380L), April 12, J 897. 
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Rear View of Break closed by Sandbags, on Stokes' Plantation <380L), April 12, 1897. 
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materials together, then sacks arc filled, and while this is in progress 
the ln>i its are driven. 

For small levees, bents composed of from three to five hand-driven 
piles may he sufficient. The work should proceed from both ends of 
the break, driving bent after bent by standing on the ends of a run 
plank projecting beyond the bent previously driven. This brings the 
bents about four feet apart. The piles are braced together as fast as 
driven, and stringers placed in position as the bents are set up. 
The pile work thus constructed is floored over with planks on which 
are stacked piles or planks in quantity enough to close the work and 
idso a sufficiency of sacks tilled with earth. 

The closing piles are driven merely near enough together to 
keep the sacks from passing through. "They are driven as nearly 
as possible simultaneously along the line, as many men, with heavy 
mauls, being employed as can work to advantage. Tims the final 
operation of closing the line may occupy less than an hour. The 
sacks are then thrown in front of the continuous line of piles as 
rapidly as possible." 
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The alignment adopted 
for the pile work and the 
location of spur dikes for 
protection of the broken 
end of the levee are shown 
in the marginal sketch. 

Mr. Starling mentions 
that in several small 
breaks successfully closed 
in this way the use of brush, in addition to sacks, was found of great 
assistance. Brush was thrown into the water in front of the pile 
dike and pressed to the bottom with forks ; then this process was 
repeated until the brush reached the surface of the water, and on it 
sacks were then thrown until the breach was closed. The brush serves 
to economize earth and to give continuity and bond to the structure. 




r>, mr 



LESSON'S OF THE 1897 FLOOD. 

Compiled in the Chief Engineer's Report for UJ97 will be Found 
reports of Mr. Starling, late Chief Engineer, Mississippi State 
Levees, and nf Mr, Richardson, Chief Engineer, Louisiana, on the 

lessons of the 1 S£>7 flood, written in response to a request made hy the 
Mississippi Kiver Commission. Both have had a lung experience of 
the Mississippi, and are recognized as capable River Engineers. Tin; 
writer had the privilege ol' spending several days with eaeh and many 
opportunities of discussing special points with them. The confidence 
thus acquired ha their opinions, the information and instruction 
conveyed in their deduetions more titan justify his quoting largely 
from their reports. 

Mr. Starling says: "The standard cross section of new levees 
has proved itself sufficient as far as the embankment itself is concerned. 
Weakness has, however, sometimes been revealed in the natural soil 
underneath the levee in lengths where there was no banquet. When 
therewas a banquet, no trouble was experienced either with boils or 
«loitghs. In places formerly distinguished by very large and ugly 
boils the difficulty has been entirely suppressed by the construction of 
banquets." 

In bis opinion no large levee should be built without them, unless 
it is evident that both levee and underground will be composed of the 
strongest soil ; anil when the material is very light the humpiet should 
be placed six feet below the grade of the crown. 

Small levees may have a crown of eight feet, hit t in larger ones 

ten to twelve feet is better. Side slopes of three to one, except in 

much exposed situations or with large levees in lightsoil are generally 
sufficient. He says : " Levees hnilt up to these dimensions with 
banquets, when constructed with proper care, even though the 
foundations be of weak soil, may he relied on to hold still water up to 
their Very tops ; for storms a margin of safety of two to three feet is 
required." This statement is founded on long experience. 

lie mentions that of the broaches which occurred in the Yazoo 
front tiot one was in a new levee; farther that old levees, though 

I 
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generally bad, arc not useless, they can be utilised by adding to their 
front slope iintl to the back slope by the formation of ;i banquet. 

Sumrtitt-rtf of Mr, Stnrltitfx dinfairhwt.*, — The following arc 
excerpts from his summary of the lessons of the Hood :— 

"The standard eross section of crown eight feet Or more, side 
slopes one on three, and banquets for heights over eight feet, is 
sufficient for ordinary soil. For exceptionally weak soils special 
dimensions must be adopted. 

"The foundations must he carefully prepared. 

" The levee should be so built as to keep tolerably dry if possible. 
It should therefore he put up in layers, and preferably should he rolled. 

"Old levees cannot be depended upon, not hecau.se of their age, 
but because they have not been property constructed and are probably 
unsound. In enlarging such levees a greater volume of earth should 
he added than with new" and sound levees. Banquets are especially 
indicated. 

"Steep hack slopes are to he avoided, and especially such as 
present a hip or hump. 

" A more careful discrimination is necessary between soils than 
lias heretofore been customary. . . . In building new levees in 
very light soils banquets should be added even with levees of ten feet 
in height or less, 

"New levees are liable to shrink or settle or both, when water 
first comes against them ; also alarming boils or sloughs may OCCUR 
fi would be well then to let the water against them at comparatively 
low stages, that opportunity may be given for repairs. 

" Buck-shot levees cannot be depended on to .stand at grade. 
These and levees across beds of old walcr-eourses shoutd always he 
huilt to high grade. 

"Topping is unsafe when the water stands high against it, 
especially in situations much exposed to waves, 

" While it cannot he said that closing of large crevasses at 
extreme high water is practicable in any limited time, still, in 
favourable circumstances, the situation may be mitigated and relief 
given in many cases before it would have come from the natural 
recession of the water." 

Mr. fticJtarrfoon's Report, — Mr. Richardson writes to the following 
cllecl : There are altogether 1,07- miles of levees protecting the 
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alluvial Lands of Louisiana, including fence and back levees to si mt 
out hack waters. The 1897 timid was held in complete control From 
south of the Atehafalaya for a distance of 882 miles along (lie 
Mississippi. "Hundreds of miles of levees were raised with earth, 
or planks or Backs." The efficiency of the control was partly due to 
the immense assistance in labour and materials given by the IT, S. 
Officers, Local Levee Hoards, and private parties during the progress 
of the flood for the protection and preservation of the levees. 

" Notwithstanding the fad that the lloi»d reached much hujher 
stages in the river than any previously recorded, by nearly :U 
feet along some parts of the levee lines in Louisiana, and by over 
two feet against the major part uf them, it is noted that every 

drop of it, (except the insignificant volume escaping through the 
crevasses of Bayou de Glaizes,) was successfully carried between 
levees from the head of the Atehafalaya Basin to the end of the Levee 
Systems near the Gulf." 

Mr. Richardson advocates a grade line three feet above the hijdi 
water line of 18D 7, as a tentative standard to be worked to for the 
present ; though he states, as a matter of course, it would he better 

economy to build at once to a still higher grade if the available means and 
the time available for the work would warrant such an undertaking. 

"As to the form of cross section host adapted to fullil the purposes 
for which levees are designed it can hardly he said that anything was 
demonstrated hy this llood. Nothing has been developed hy the late 
Hood to impair confidence in the sufficiency of grade proposed by your 
{the Commission) Committee on Levees, given in the report of 1806, 

" That form of embankment that will host retain its shape when 
completely saturated with water still seellW the best and safest. A - 
the lower portion* of a levee are generally less dry than the upper 
parts, there may lie reason in giving the section flatter slopes toward 
the base than near its top, hut generally -peaking I he form of section 
having a bench or ' banqUol ' on the land side, seems to serve all the 
purposes of a flattened slope, ami indeed approaches ilic usual form 
naturally taken when Its sloughs down and conies to ivsl in a position 
of stable equilibrium, 

" LeV'ees huilt of almost any sort of earth, With side slopes of ojie 

on three, have generally stood without any sloughing of consequence, 
wherever the seepage water was well drained away from the base ; but 
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wl M'ii drainage is deficient, and also when the soil appears excessively 
loose anil friable, the addition of a banquet, or construction with a 
Hatter land slope, is found to give stability. 

M A few facts connected with levee construction and maintenance, 
though by no means new, may be mentioned as having been emphasized 
by the experience of this Hood, such as the danger, more than ever 
apparent, that earth added to levees in enlarging them mi the land 
side may slough and slide down during high water or whenever it 
is tirst thoroughly saturated, even it' that condition is delayed for 
years, and the consequent importance of placing all levee enlargements 
except that in the form of banquets on the river side wherever 
practicable ; the importance and value of good drainage as a means to 
prevent sloughing, and to dislodge or at least discourage the depreda- 
tions of burrowing animals: and the fact that to stop leakage or 
excessive seepage in fa"t for almost any other jturjio.se with which 
earth is adtled to [eves -one spadeful uf earth put on the water side 
of the levee is worth dozens placed on the land side." 

He finally recommends that gaps in a line be closed, and the 
enlargement of levees throughout the valley be carried on as rapidly 
as means therefor can be made available, 

The Committee referred to hv Mr, Richardson gave an estimate 
of the expenditure required to bring the grade of 

MiM!*tlp]!l Cut «- ill ■ !■ • 

lion Committee'* Bepori the whole levee System to final height sufficient 
on ilii:il yrm l»:. ,, ,, , ,, . r „, . , . 

to contme a!! future tl Is. I hey pointed out: 

" The question as to what heights future floods maybe expected to 

attain, with the (loud waters confined by sufficient levees, is one upon 

which there is some difference of opinion, and the question does not 

adiuil of any exttcl solution other than by the actual experience of 

the passage of a flood of sufficient magnitude to develop the flood 

slopes Within leveed banks." 

After careful consideration the Committee estimated the probable 
increase of flood heights at different points from Fort Jackson to 
Cairo ami, allowing a grade for the levee line of two feet above these 
assumed final flood heights, they estimated that the cost of raising 
and enlarging the levees to these heights would he tfi s,:ioo,ooo. 

Their estimate of increase in (1 1 heights above recorded 

maximums, previous to I 896, varied from one foot at Fort Jackson to six 
feet at Vicksburg, and Brum six feet at White River to two feet at Cairo. 



LEVEE CONSTRUCTION IN" is'JS. 

Oxe of the most valuable lately written opinions on Levee 
construction found by the writer is that of Captain Patrick, U. S. 
Corps, the office? in charge of the first ami second districts in 1308, 
expressed in a letter to the President of the Mississippi River 
Commission in August 1898, in connection with an estimate of the 
total additional yardage required I'nv completion of the levee lines to 
the standard grade. 

lie speaks of the method of construction by teams and scrapers, 
and, in exceptional cases, by wheelbarrows, as the most economical vol 
devised to give good results, hut suggests thai improvements in 
methods, "resulting in better work, cheaper work and an earlier 
completion of the entire levee system," could be made if there Mere 
an assurance that it would lie pushed continuously to Completion, and 
that a certain definite sum would be available each year until finished. 
" Location. — While nothing is said in your letter uhout location of 
levee lines, this is a subjeet which 1 (Captain Patrick) think demands 
consideration. In the practice at present followed, I am convinced 
that sound engineering principles have in many cases been made to 
yield to other 1 motives In the choosing of courses to he followed by 
levee lines. This has been due to several reasons, partly lo the idea 
originally followed of improving the navigation of the river by 
controlling the high waters, partly to the I act that tins location was 
dmie iii conjunction with levee hoards which were more nr less 
influenced by considerations affecting their immediate constituents, 
partly to the fact that the small amounts of money available made it 
necessary to simply enlarge existing levees rather than In strike out 
on newer and I tetter lines, The le\ec> have closely followed the river 
in its meauderings, and at places have been built near to easing hanks, 
for the sake of protecting for a time the land In their immediate 
vicinity. While much of this work cannot be undone, there is still 
room for betterment if the entire problem is t<i be considered as a 
whole and its systematic solution undertaken, I believe thoroughly in 
avoiding salient angles and in shortening and straightening the line 
wherever it can be done at approximately the same expense as would 
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I"' incurred in enlarging the existing longer lino. In doing this 
smaller private interests must give way to larger public ones. 

" 'Cun.-itrxr/i,,/, : X>-,r fcevees. — It must be understood that all rules 
laid down for the construction of levees arc of a general nature, elastic, 
and to be modified according to the local conditions. At present the 
ground to be occupied by the levee is to be cleared, all stumps, roots, 
or other perishable matter grubbed and carried outside of the base oJ 
tiie levee. In some eases, it' properly done, this may he a sufficient 
preparation ; where much vegetable growth occupies the site, I think 
it well to go further and take off a fool or IS ins. of the surface ; if 
there is to he a banquette, the material so removed, if of suitable 
character, may be placed in this banquette ; if there be no banquette, 
this method may be followed over that part of the ba.se in front, 
and the material put on the land side of the centre line of the levee. 
-Similarly, the earth obtained from the first ploughing of the borrow 
pits should be put in the banquette or on (she land side of the centre 
line of the levee, 

" Lfjtyern. — If the levee be carried up in layers as is now the 
custom, the above suggested method Would enable the layers to be given 
a slope up from the river side, which would be an advantage. My 
specifications limit tin- thickness of the layers to % ft, Tins is as thin 
as they can be made by present methods of work with a due regard to 
economy. It is certain that a much more compact levee could be 
built if the thickness of the layers could be still further decreased. 
The passage of teams and scrapers over - ft. layers does not sufficiently 

compact the earth. 

"i'tiitsti'tiftiiit, : Enlargement of <>/>! ljevee$.—~\f the old levee 
besides being too low, has shown signs of weakness, seeping badly or 
sloughing, it must be carefully explored ; any immediate cause of the 
weakness must be removed. A general remedy for such cases is the 
cutting of a muck ditch of liberal dimensions mi the river side involv- 
ing a part of the slope of the levee, and rilling it with select material 
well tamped I now have the contractors waste the sod destroyed on 
the slope to he enlarged, and PC-break the exposed surface before 
putting on the new material. If covered with earth, this broken sod 
decays and is an element of weakness. 

"Topping. — I believe it well to place a topping of earth on the 
levee above the selected grade line, bringing it to rather a sharp crest. 
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This is useful where the maximum high water line is not well 
established, and when the grade adopted is a tentative one ; it supplies 
at much less expense, earth which may be badly needed during high 
water. It also prevents, or allows for the damage to the levee from 
traffic over it, a thing which unfortunately cannot in all eases In- 
prevented, 

" Slojfes mul Cratmis, — [n general, I have found levees built to the 
adopted standard cross section with crowns 8 ft. wide and slopes I on 
S amply strong enough to withstand the pressure brought against 
fchem by the water. In eases where the levee crosses bayous or 
washouts, I have flattened the laud slope to about 1 on 5. 

" finiK/ni-tft's. —The heterogeneous materials, nf whieh levees are 
built, and tlie varying periods for which they are subject to water 
pressure, make difficult any reliable determination of the line of 
saturation. I am of the opinion that all levees of a greater height than 
twelve (Ig) ft. diotdd he reinforced hy a banquette whose dimensions 
must be suited to the special ease under Construction. It is recom- 
mended as a general rule, that these banquettes should he built with 
the following cross sections ; for a lever 12 ft. high, the hmioiiette to 
intersect the levee S ft, below the crown, to be '20 ft. wide, banquette 
crown to have a slope [ on io, rear slope i on 4 ; a levee 20 ft. high 
banquette id ft, wide, top slope 1 on 10, rear slope I on 5 ; proportionate 
dimensions of cross sections for other heights. 

" Drftinuge, — There is little or no doubt that the stability of 
levees would he increased hy some properly devised plan of drainage ; 
probably the besl yet suggested is the employment of porous tile 
pipes placed near the land toe of the levee, with openings at intervals 
to a ditch in rear. Whim experience has shown that a levee is weak, 
inclined to slough or seep badly, such a method of draining the levee 
may he of great advantage. In a properly contracted levee built of 
good material, I do not. helievo the advantage gained hy tile drainage 
is worth what it costs. This opinion is reached after a study of 
the levees along my own districts, the upper part of the river, 
where the duration of Hoods is at present less than on the lower 
reaches. 

'• M»ch IJihitrs. — These ditches are important component parts 
of levee construction in many cases. My practice is to examine the 
special locality he fore deciding upon the need of a muck ditch, or, if 
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it be necessary, upon its dimensions. Where there i.s a considerable 
grubbing in the base of the levee, a (air idea of the character of the 

underlined strata win probably he obtained from an examination of the 
stump holes : elsewhere boles are dog or short narrow trenches 
excavated to considerable depth. Where the levee i.s to be founded 
on fi fairly impermeable stratum of soil reasonably free from perish- 
able matter, the muck ditch may be omitted, Where the foundation 
is of light porous material, or where permeable strata occur a short 
distance below the surface, a muck ditch should be cut and filled with 
good material, well packed. If possible, the bottom of the ditch 
should be in a less permeable stratum. This ditch must generally he 
wiili' enough at the bottom to permit the passage of a team and 
scraper : the side slopes may In* as steep as the material will stand ; 
the top width will depend on the depth ami side slopes." 

in replying to the call made by the President of the Commission 
vir. Storttna cm nh >« for an estimate of final cost of completion of the levee 
system, Mr. Starling also touched on some of the 
points deal! with by Captain Patrick. 

He expresses tho opinion that targe muck ditches "are an 
injudicious expenditure of money ;" he thinks t hoy are " principally of 
value as exploration ditches, to show whether any stumps, brush heaps, 
Ac, have heei i covered by recent deposit." " As a consti- 

tuent part of a levee, however, it is believed that the cost i if a large 
muck ditch i.s out of proportion to its usefulness. 1 

Regarding the drainage of the levee, he again repeats his Former 
statements that " usually the cavities which exist and which are 
inhabited l»y crayfish, arc due to decaying stumps, and the channels 
which sometimes pass through the levees almost from side to side, to 
decaying lateral roots of trees." He recognizes the desirability of 
keeping the [evee and adjacent land dry. "The levee is less liable to 
slough, it is more accessible to high water forces for purposes of repair 
or enlargement, the material is thereby rendered available for such 
work." (Jood drainage he regards as a requisite for successful and 
economical operation and maintenance. " If drainage is given by 
open ditches, great oare should be taken that they are not too deep or 
too close to the levee, especially in light soils, as they have frequently 
been a serious menace to the safety of the embankment front the 
breaking out in them of sand boils,' 
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The opinions expressed by Captain Patrick in his letter of August 

Appro™.! cros8.s»eti<m 11*98, quoted above, s.i generally agree with the 

forLeveea. writer's impression of the generally approved ©ross- 

section to be followed in the future, that he obtained a plotted typical 

section from Captain Patrick, the Secretary of the Commission, as an 

accompaniment to this note. (See plate opposite) 

A copy of the specification for the construction of new and 
s . it ;,.. iri ,, tl ,■,.,. enlargement of old Levees in force in the 1st ami 
cotutraettoa of Levee*, ^nd Districts in 1899 is given as Appendix R 
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Typical levee sections as laid out for construction and actually built shown by full lines. 

Assumed settlement and cross section* paid for shown by dotted lines. 

As a general rule, banquettes are built along all levees 12 feet or more in height, intersecting the levee S feet below 
the crown. Width of banquette varies with height of levee, reaching a width of 40 feet for a levee 20 feet high, tlear 
slope of banquette for very high levees is often made one on five (1/5) instead of one on four (1 i). 
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EFFECTS OF LEVEES ON THE RIVER CHANNEL. 

Opinions have varied as to the affect ojo the river channel of the 
construction of levees along its hanks. By perusal of the earlier 
reports of the Mississippi Commission, it will be seen that, though it 
was not claimed that the deepening <>i the channel for navigation could 
he effected by levees alone, it was believed that their construction 
would hasten the channel improvement, by increasing scour and depth 
of river bed which they would produce during the high river stages. 
They were regarded as a desirable, though not necessary, adjunct iii 
the general system of improvement of the river. As far hack as 1884, 
it was recognized that the grade of levees should he, at least, the 
normal height of the hank of the river, or the height to which the bank 
Would be built hy floods recurring with sufficient frequency to exert an 
appreciable influence in building up the bank or enlarging the waterway. 

In 1 885 the Commission recorded their opinion that "Levees 

„ . . , designed to limit the high water width of the river, 

Htrttinlel iii>tiinttii ^f ° . ^ 

tiit: 5it*,issi|i|>i omiiuiv by concentration of the Hood discharge of the 

s ' un ' ii i ii i 

channel, secure its deepening and enlargement oy 

scour." 

Then in 1892, a modification of the same view is expressed in a 
report of the Commission, of which the following is an extract: — " In 
reference to the general plan of which these projects (of improvement) 
form a part, it may be said that it contemplates, so far as concerns the 
main channel, the improvement of its navigation by the concentration 
of the discharge ol' the river, at all stages, within a defined channel 

by means of levees, bank revetments, and contraction works 

the levees to control the high water discharge and secure the energy 
of the flood volume in semiring and enlarging the channel." 

Later, in 1896, is found in a report of the Special Committee 
(| f the Commission, "To formulate a general plan upon which shall 
be based the future recommendations of the Commission with regard 
to the improvement of the river," a clear expression of the opinion 
of the majority of the Commission on this question. It is stated : — 
'* There was always some difference of opinion as to the relative 
importance to be attached to levees as a factor in channel improvement, 



some of the members being disposed to itsMign them a iiuitc 

subordinate place, while other* colisidored tlu'lll a si in- if nil iiidi. 

With further study and added experience this latter view gained ground, 
and has practically shaped the action of the Commission in this 
particular. As regards the necessity of an efficient levee system for 
the prevention of destructive Hoods, there has never been any 
didemiee of opinion.'' 

The following is a synopsis of what is said to be a general 
statement fairly summarizing the views of the majority of the 
Commission on this subject in [8yo. 

Jiut one cause is operative in determining the slope and shape of 
a river like the Mississippi, /•<-.., the volume of water discharge, 
ThisV&ries enormously with stage. J-Jut " no one can doubt that the 
Hood discharge is the ruling element. The bed of the stream as 
found from year to yuuv represents the work of the high river, and 
the difficulties of navigation are due to the inability of the depleted 
volume of the low river to work out a good And st a hie channel 
through the great masses of sand and other materials left behind 
by the flood. Neither correction nor permanent locution of channel 
can be secured until the paths of the high and low rivers coincide, 
and the wurk of the. former is utilized in scouring out and sweeping 
clear the channel which the latter is to follow .... When this is 
done, the depth desired can !»■ secured by a simple limitation of the 
area over which the action shall extend. The attainment of this end 
can only lie accomplished by controlling the high river, and this is 
the key note of the Commission's plan of improvement."' 

It seems it was contended in the discussion of this subject 
thai the control of the waters carried by the river might safely 
cease' when the top uf the natural bank is reached; in other 
words, that tin.' overflow as a factor influencing the rvginid of the 
river might be neglected. The Commission therefore state, with 
reference to this point, that it is not contended that the extra amount 
of flood volume is necessary to establish the low water channel 
of the river, the bank full volume being ample for that purpose. 
" But the extra volume represents a vast, amount of work which must 
he expended some where, and which may fairly be considered as 
beyond the control of the natural hanks. Its effects therefore are 
erratic and irregular, leaving the main channel at some places 



entering it again at others, forming cut-offs and generally upsetting 
the regimen of fchu riv er." 

ft is remarked : " The evidence.- of deterioration of the channel 
in places where overflow has been habitual are too obvious to need 

■ a tended comment The uontrast between the river above and below 
Vioksburg, although there is no material change in either the discharge 
or the physical conditions, is a very striking one from tin's point 
of view. The re-establishment of levees, it w>i* thought, would in 
some measure remedy tins state of things and, although time enough 
has not yet elapsed for a final conclusion, there is already a good deal 
of evidence to support this view." 

It may We mentioned that in the discussion regarding relative 
importance of levees and hank protection AS a means of improving the 
river channel, Colonel Stieknev, Corps of Engineers, dissented from the 
general opinion as expressed above. In a separate minority report he 
recommends that a foremost place be given to hank protection in the 
general plan of improvement, though advising the completion of the 
levee system to a fair condition, and afterwards that it be strengthened 
as found necessary. 

In [800, General Conistock, President of the Mississippi River 

, „ , Commission, wrote what was for that time an 

the (jUfMitoii whether exhaustive memorandum on this subject, He, like 

'"III ||||._> i,r- v ,-.., ;i].,ll_> . *' . 

■ iv< i (-in,.., iu tad many others, remarked en the often repeated state- 

ment that leveed rivers raised their beds higher 
ami higher as the levees are raised and hence that levees will give no 
permanent relief against overttow. 

He reviewed lite coiiditiuns uf the River Po and its levees and 
the evidence obtainable on the question of alteration of its bod level. 

As to the rise in tin 1 tl I level as the waters ;ire more and more 

thoroughly confined, he says, ■' It may be said that this was a necessary 
result of confinement, that the same thing ocears on the Mississippi. 
and that it will erase when the levees have been built high enough to 
contain the greatest Hoods. On the Ro, thus far, during the last 
s cventy-five years tin/ effect of the confinement of waters in raising 
the flood level has far exceeded any tendency that confinement may 

have had to reduce flood heights by scouring the bed." 

Then as regards the' Rhine, which has long been leveed, he says ; 
1 If levees raise the bod of a river, here they should have produced 



(heir full effect a* they arc rarely broken." However, tt appears tliat 
<>ii the Rhine the low water surface has, if anything, fallen hi the last 
hundred years; the medium stage dues nut seem to have changed 
inueh, but the maximum stage shows a decided depression. 

He next considers the tfwang-Ho or Yellow River of China, and 
quotes a letter from General J. H. Wilson, "a very competent autho- 
rity, ' who distinctly states his opinion that an exhaustive survey 
would prove beyond doubt that silting of the bed has nut taken place. 

General Comatock deals with the Mississippi River, and, though 
at that time he had not very much reliable data at his disposal, lie 
treated of his subject in sufficient detail to inspire a certain amount of* 
confidence in his conclusions. Mis final conclusions are in effect as 
given below. 

From the examination of the Po and Rhine it may be concluded 
that if their beds rise in the leveed portions (which is not certain from 
the data) it is at so slow a rate as not to be an important factor in 
the maintenance of a levee system, 

The opinion 30 often held that levees cause a river bed to rise is 
probably due to the fact that the bed of a river does Sometimes rise 
although leveed, and hence it is concluded that the levees cause the rise, 

" Any sedimentary stream, having n definite succession of stages 
and discharges and Hewing in its own alluvion, finally takes such 
a slope as will give a velocity sufficient to enable it to carry its 
sediment, whether derived from above or from its own hanks and bed, 
farther down stream, without, on the whole, scouring or Idling its bed. 
An average velocity less than this will give rise to deposits hi its bed, 
or if it is crooked it will become straight, thus in either case 
increasing its slope and velocity towards their normal values. An 
average velocity greater than this will scour its bed, or if' it is 
crooked it will become straight, thus in cither case increasing its 
slope and velocitv towards their normal values, An average velo- 
city greater than this will scour its bed, or cause caving in its 
concave bends, thus increasing its length and diminishing its slope 
and velocity to such values as its bed can bear without, on the whole, 
scouring or tilling. When, therefore, the slope of a sedimentary 
si ream suddenly diminishes from that which it needs for a stable 
regimen, its velocity also diminishes ; it drops part of its alluvion and 
ltd bed rises. Thus, when the .Mississippi enters the Gulf, its slope 



r :>*> ) 

suddenly diminishes, its velocity diminishes, and it builds up bare 
out in deep water. Su the Adige, where it reaches the low }>liun^ 
of the I'n, needs for permanence a steeper slope than the country has, 

and raises its bed above it. In all these cases the bed would rise 

Without levees." 

He mentions another cause for the rise uf lied, which however 
nets at a very mIovv rate. The Mississippi pushes its mouths out into 
the Gulf, and this increase in length requires a corresponding increase in 
fall of surface t<> cause the waters to How out. The increase in length 
taken by General Comstock, at four miles in a century, would, with 
existing slopes, raise the high water surface at New Orleans about 
7 11) of a foot, 

In the discussion on Mr. Starling's paper on ''The Discharge of the 

Mississippi River" is recorded Captain Townsend's 
t-'uriw of iciiyiiitris' conclusions regarding the effect of levees on the 

ngtlnittti on Ihfaqtiefffrni. . . , Tr " ,. . ., T , , 

river channel. He discusses the available data, 
compares discharges, cross-sections, gauge heights, &c. } at Arkansas 
City, Helena, Lake Providence, "Vtcksburg, &c, and arrives at the 
following conclusions : 

Since leveeing the river hanks the measured discharges have 
increased relatively to the estimated flow across the valley; the 
discharge section at Arkansas City has increased in area, Similarly 
an increase in channel section appears in the Lake Providence reach, 
there being a large addition in recent years to the width of river at 
hank full stage. He states that " Professor Whiting, by comparing 
recent surveys with the records of the Coast and Geodetic Survey, 
shows that there has been a perceptible enlargement of the river in 
rocent years al NYw Orleans." He finally concludes his remarks on 
this point thus:— "Such evidence is not conclusive of a genera] law 
apply in e; to the whole river. Wlnit may lie termed accidental (un- 
known) conditions may have especially influenced these \'v\v localities." 
He next analyses gauge readings and discharges, not omitting to con- 
s ider the effect of a CUt-off which hud occurred, and showed '* that the 
same forces acting in the river at a low stage can now cause a greater 
lowering of the gauge at Lake Providence than formerly, while at the 
M|,, uth of the White River the influence is not as great." In general 
words his conclusions are that the river channels were improved during 
t-lx' period under consideration. 
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Mr. Harrod, member nf the Commission and an Engineer of 

Mr. llarn-t'i oUerm- lon g experience of the Mississippi Kivcr, in the 

""" Si discussion referred t * * above, also remarked upon 

this question of effect of leveea on river channels. His clear opinion 
though onlv expressed in erenernl terms, is well worth recording 
here. * 

In tlie length of river from Cairo to New Orleans, there are about 
175 crossings i'vum bank to bank, ami at each of these there are hara. 
"These hurs with six to eight feet of water over them recur with 
sufficient frequency to make the 1* >w water surface conform to the 
genera] shape of" the bed. In plotting the high anil low water 
surfaces, it is clearly observable that the tanner present a more regular 
curve, and that the irregularities of the latter consist of depressions 
at and about the mouths of the tributaries with elevations at inter- 
mediate points, 

" If the beds of streams are self-regulated, as is now generally 
accepted by Engineers, then the variations of discharge between 
parts of the river where it is augmented by the volume of i Ti i' 
tributaries and the return >>i' the overflow, and those parts where it is 
depleted by escaping into tlie basins, may he reasonably accepted as a 
cause of tlie depression of bed where the discharge has been habitually 
increased, and of the elevation «»!' bed where loss by How has been 
unchecked for a long period of time.'' 

The sketch given on opposite page, Which is a copy of one made 

by Mr. Harrod tor the writer, illustrates the above remarks. 

Mr. Harrod says :— " If the discharge is confined to the bod, ami 

not allowed to escape over tlie hanks, and is thus made uniform 

throughout the length of the river, with the exception of tlie 
additions from the drainage of tributaries, the bed should become 
quite uniform in depth and cross-section with an increase below each 
tributary proportioned to its discharge, Confinement of Hoods is 
being effected by levees, and though not of final height, yet since ik'.u 
floods have been held at a considerably greater height than formerly." 
" At present there is no conclusive evidence on the effect of this 
restraint, but the indications are that the deposits between tributaries 
are being removed by the greater uniformity of flood discharge caused 
\>y the prevention of overflow. Where levees have been improved 
and the flood discharge increased, its height is not proportionately 
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raised." The fcffi&ct, he gays, so far seems to be divided between a 
higher surface and a lower bed. 

After reviewing levels of the different stages from 1882 to 1894 
he finds that for the years subsequent to 1890 the mean stage of low 
water was lower throughout the entire river below Cairo than in 
earlier years; and it will be observed further that "while the mean 
relative depression where no effective extension of the levee system is 
yet made, or from Cairo to Helena, is 2*89 feet, from the White to 
the Red River, where greater levee progress has been made, the 
depression is 4"4(i i'aA, or 157 feet more." 

Further, a comparison of the mean of low waters of years previous 
to I8'.)l with the low water of 1894 shows that while the relative de- 
pression in the latter year in the upper or unleveed part of the river was 
4'88 feet, in the lower or leveed part it was 7 "41 feet, or 2*53 feet more. 

''The period during which the river has been tho subject of 
observation and work is ton short to give definite conclusions, but the 
tendency shown in the foregoing, and by other indications, is quite 
marked for the limited time considered. 

Mr. Starling sneers at the idea that confining the waters of a 
river tends to cause a deposit of silt in the bed 

Mr, Starling'* view • , .* . 

thereof. He speaks of it as opposed to sound 
least »n and says it has been disproved a hundred times. The 
misstatement, however, seems to have taken a much firmer hold upon 
the popular mind than the refutation. 

"Observation shows that, since the Mississippi has been confined 
between levees, its tendency has been rather to erode than to deposit, 
as has been demonstrated by caving banks. The host test of the 
Condition of the bed is to be found in tow water observations. At 
SUch stages the water surfaer conforms more closely than tit any other 
to the bottom of the river. Now, in 1887, 1888, 1889, 1891 to 1895, 
since the levee system was made continuous below the mouth of the 
Arkansas, the river below Cairo was exceedingly low, ami in the two 
years last rained it went far below all previous records. That this 
was not duv to paucity of water i* shown by the gauging. For equal 
rtages, eaeh of these years exhibited an increase of low water discharge 
"Ver its predecessors." 

Finally, Mr. Starling remarks ;--■■ It may be added that not one 
"f tic engii rs who have written systematically upon the Missis- 

1'. MK " 
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sippi, from Charles Ellet and Humphreys and Abbot to the 
Mississippi River Commission, believes that levees have any tendency 

to deteriorate the hod of the river." 

A survey was made in November and Decern- 

KlwiIU of S]n;dal ■ . ^ 

survey mndf t>y Mr. her, 18i>4, of the river from the mouth oi the 
Arkansas to Viekshurg, a distance of 200 miles, 
and a comparison of tile various "elements of" the regimen" was 
made with similar elements derived from the surveys of IHHI 
and 1882. 

Sections of both surveys wvn- plotted from the original notes and 
from a common datum line, in order to eliminate discrepancies 
incidental to plotting and measuring areas. In the later survey 
sections were taken at about 200 metres apart normal to the river 
and, in selecting for comparison, the one found nearest to the section 
of the previous survey was taken. 

From Mr. Oekerson's report on the reduction of notes of this 
low water survey, printed as Appendix 10 11, page 3577, ft t&q., of 
the Chief of Engineers' Report for 1896, it is apparent that very great 
care was observed in order to obtain correct results 

The sections were divided into three parts, nw., Low Water, 
or the stage when sounded in IH'J4; Medium Stage, being a stage 
corresponding to the mean of high and low water of 1 882, as used 
in the "regimen elements"; and Hank Full Stage, which just reaches 
to the top of the local river hank proper and corresponds with 
the bank full stage of "regimen elements." 

The areas ami mean depths of the 554 coincident sections of 
the two surveys for these three stages were measured and computed 
separately, giving 554 results for each condition of stage. The results 
for the individual sections were tabulated In such a way as to show. 
for each section in both surveys, the elevation of water surfaoe when 
Bounded, the width, area, mean depth, and the maximum depth at low, 
medium, and hank full stages. 

Then tables were compiled tjivine average cross-section elements 
of stretches, embracing successive pools and bars, for each of four 
reaches of the river; and finally a table was made giving the average 
cross section elements of each of the four reaches taken asa whole, and 
also the grand mean for all of the sections from Arkansas River to 
V icksburg. 
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Mr. Ockerson gives a comparison of the elements of each reach ; 
and, after a careful study of all the varying conditions which he 
enumerates in detail, he finally arrives at the following conclusions : 

(I.) The channel capacity in 1894 was greater than in 1881- 
1882, due largely to changes above the low water line. 

(2) The crests of the shoal bars, in 1894, were, on the whole, 
lower than in L881-1882. This refers to the actual elevation of the 
bottom and not to the depth of water on the bars. 

(:l) The maximum depth of pools was generally less in 1894 
than in 1881-82, 

(4) The thalweg depths were, on the whole, less in 1894 than in 
1S81-82, — that is, a little more than one-half on the length of the 
river under consideration and also the average of the sections show an 
elevation of the thalweg, or raising of the bottom. A large percen- 
tage of tins raising occurs in the pools. 

(5) The high water liars lying between the medium and bank 
fuil stages have been cut down an average of something over one foot. 

((») Tin' general tendency seems to tn> toward a channel more 
uniform in depth and of greater capacity. (The italics are of the 
writer.) 

As far as the writer has learnt the above is the strongest definite 
evidence, accurately and concisely recorded, of changes which have 
Occurred in any considerable length of the river's channel. In the 
length tinder consideration the levees have been constructed and 
maintained successfully only during late years. 

The final conclusions from all of the above may surely fairly be 

Pinal ennotuekro by s;iitl t " nv as f"ll<)WS ;— 

,k ' wriu * r | | ) The general effect of the construction of 

i i 

tevees along the banks of a river is to improve its regimen, to deepen 

its bars, to level up its pools, and to increase the widths between 
'winks ; all tending to enable the river to discharge mitre of its water 
through its own channel. (Of course, during the progress of confine- 
ment by lever.-,, the high stages of floods rise till a maximum due to 
Goafinement is reached.) 

(2) After completion of the Levee System and during the 
approach of the river to its final state of equilibrium of bed and 
^''"iin-l (]„, | ( , VL .| S of | 0W) medium, and high stage waters are lowered, 
tl "> what may be called, " final " stages of each are reached. 
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(fi) Then later, alter equilibrium lias been practically established, 
there may he a slight raising of the bed, due to the fall of surface 
being distributed over a slightly greater length of the river by tin.' 
extension of the bar at its mouth further into the sea, but this rise in 
bed levels will probably not amount io more than a few inches in a 
hundred years. 
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Levee Scene at Easton, Miss., April <?, J 897. 



CHAPTER V. 

Floods and Prediction of Ghtnge Heights — Relation between Stage of ftiver and 
Erosion or Fill of Che Bfd Effects of " Cut-offs " on River Ghannela — Ootfeta, 

FLOODS ANI> PREDICTION OF GAUGE HEIGHTS. 

In lus pamphlet on the Hoods of the Mississippi River, Mr. 
Starling devotes a chapter to the topography of the Basin, its 
climate, rainfall, Hood period of the tributaries, influence of snowfall, 
Storms, &(?., i in (hinds mid flood heights ; and he discusses the difficulty 
in the case of the Mississippi of estimating by any reliable method the 
probable gauge heights which floods will reach. His paper is 
sufficiently instructive to warrant a synopsis of it being produced 
here, in the hope that it will point to and assist in the proper study 
of the available data of the Indus River Basin, where the conditions 
Are simpler owing to the absence of tributaries in the lower river and 
to tin' comparatively regular and limited times within which the 
Northern tributaries combine to swell the middle and lower river. 

Topography. — " Of the immense territory which is drained by 
the Mississippi, a part belongs naturally to the Appalachian System, 
and a part to that of the Rocky Mountains. These two divisions 
arc not very different in size. They are nearly as diverse as can be 
in their characteristics. One is rocky, the other earthy ; one humid, 
the other dry ; one naturally wooded, the other consisting almost 
wholly of prairie or plain ; one geologically old, the other recent. 
These peculiarities exercise the most remarkable influence on the 
rainfall, the drainage and the quantity and the quality of the contribu- 
tions to the main stream made by the tributaries passing through the 
respective portions of its basin " 

** Perhaps the most natural and intelligible division of the 
Mississippi Ba-sin is into an old and anew part. The Appalachian 
Ratios were upheaved at a very early period of geological time, and 
there has been no material elevation or subsidence of them since. 
The Roqky Mountains, in their present form, are the product of a 
v «ry much later age. The Ohio ami the Upper Mississippi were old 
rivers before tin Missouri, as we now see it, had an existence " 
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"The boundary between the Appalachian and Rocky Mountains, 
tit old and new portions of tin.' Mississippi Basin, is nut easily defined 
geographically, but may be said, without grave error, to lie along the 
i»7th meridian, as far suutli as Rod River, and as far north as Yankton 
or the mouth of the Niobrara, The old part embraces all the valley 
of the Ohio and of the Upper Mississippi, to within a short distance 
above Cairo, the lower part of the valley of the Missouri proper from 
a short distance above Omaha down, and of sumo of the Eastern 
tributaries of the Missouri, even higher up, and of a part of the 
Kansas and the whole Ozark region including the (St. Francis and 
White Rivers and (he lower part of the Arkansas. The new part 
comprehends everything else to the foot of the Rooky Mountains, 

with the Black Hills standing as an island in it " 

Ilniiij'iill, The climates of the (wo divisions are as different as 
their origin and physical constitution. "The great floods of the Ohio 
are usually early, coining occasional Iy in January, most commonly in 
February, seldom after March. There are not un frequently, however, 
sharp freshets at later Or earlier periods, whicb, while hardly to be 
called floods, arc sufficient to co-operate powerfully with rises from 

fhe other tributaries The rainfall in the valley of the Upper 

Mississippi Is heaviest in May and June and least in December, 
January and February. Indeed, the river is usually frozen during 
these months, at least in th<* upper part of its course. . , . The 
principal Hoods of the Missouri take place in May and June. The 
same causes which operate here to produce the rain serve also to melt 

the snow There are sometimes early spring rises in (be 

Upper Missouri from the melting of snow alone, and there are often 
floods in the lower part of the valley from rains. A considerable part 
of the immense tract called the Missouri Valley lies within the bell, of 

moderate rainfall :ii inches. Several important lower tributaries 
drain the slopes of the Ozark Mountains, a region of heavy precipita- 
tion, and it has occasionally happened (bat there was a pretty high 
staifc at St. Louis in February or March .... That part of the 
floods of the Arkansas which Originates in or near the Rocky 
Mountains has comparatively little effect Upon the Mississippi, . , 
. . . The main supply of water, so far as the Mississippi is concerned, 
from the streams of the Arkansas Basin, is derived from the slope's of 
the Ozark Hills ami their continuations the Ouachita Ranges. The 
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discharge of the St. Francis, While and Arkansas Rivers combined is 
very little less than that of the Missouri. The Yazoo sometime 
poors out a considerable volume of water, hut as it empties rather 
low down, it is only of local importance " 

Mood Period t>f Tributaries. — As before noted, Mi 1 . Star! Sub- 
divides the rivers which contribute to the Mississippi into the Eastern 
and Western systems. He remarks that it is possible for a very great 
Hood in either to combine with an Average stage in the other to produce 
very high water below the mouth of the Arkansas ; hut the usual 
order of fioodfi for Ule several tributaries is as follows: -The' Ohio, 
Cumberland and Tennessee altogether, then the Upper Mississippi 
with the Lower Missouri, then the Upper Missouri ; the other 
Western rivers may accompany either or both of the two latter 
movements. 

IiiJhicuiT of SnowJhU ntul /t'i'iij'il! >tf><>/t FfiHiils. — " Jt is often 
affirmed that the principal cause of Hoods is the melting of the winters 
iue and snow. This opinion seems to have a strong hold on the popular 
mind, ami is entertained even by many intelligent people. It is no 
doubt founded on the imposing and often observed phenomena of 
mountain streams. As applied to rivers, the greater part of whose 
Worse lies in the low lands, it may, without question, he pronounced 
erroneous. In the ease of the Ohio, it is well known that some of the 
greatest Hoods ever recorded have occurred when there was little snow 
On the ground. On the other hand some of the heaviest snowfalls have 
disappeared by gradual thawing without rain, and made but a trilling 
hi id evanescent impression on the rivers. The most potent agenl 
in producing Hoods has been excessive rainfall. In making this 
assertion, it is not intended to exclude the action of snow where 
>t exists. On the contrary, the latter Co-operates powerfully with 
•hf rain. A deep snow passing off witli a warm and heavy rain of 
'■oinse greatly augments the elleel of the latter, ami that too at 

;i very critical time The heaviest, most sudden, most 

WQlant, most extensive and most dangerous rains that occur in 
1-he Mississippi Valley are those that accompany the cyclonic storms 
which sweep across the country from west to east in the winter, spring 
H "d summer months. These storms pursue several different tracks. 
*«©y may originate either in the north-west or in the South-west, 
!l "d may travel either due easi along the lake regi ■ along the {;„|f 
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coast, or they may move diagonally up the Central Valley in a 

north-easterly direction The most formidable 

storms, however, so far as rainfall and floods are concerned, are those 
vvhich originate in the Gulf itself. They cannot usually be predicted 
by the observers of the Weather Bureau, because there are no 
meteorological stations in the Gulf. , . . The passage of one of these 
cyclones often occupies two or three days, and a rainfall of three 
inches is not unusual. A considerable Hood has been known to result 
from two of them at an interval of about a week apart. The time was 
from the *2Gth of March to the 2nd of April L886. There was little 
snow on the ground, and the rivers were decidedly low " 

"There are two classes of floods which afflict the alluvial plain of 
the Mississippi ; the early floods, which proceed mostly from the 
eastern rivers, and the late, which owe their origin principally to Lite 
western streams. The former usually reach their height in the lower 
valley in March, the latter in May or June. Sometimes there 
occur very high waters of a third class, intermediate between the 
two, in which a late rise from the Ohio meets an early freshet from 
th.' Upper Mississippi and Missouri accompanied as usual with 
heavy rises from the lower streams. Such floods culminate in April 
or May " 

While recognising that it is a matter of the highest consequence to 
rotKMUftglfeofeftK! Recast the pr.igre.ss of a Hood, and thftt this can 
flood \f\-j\A*. ij CS £ i JL! t i (jmj |,y comparison with past experience to 

trace an analogy from which to draw inferences, Mr. Starling 
says the study of the hydrographic curves of the Mississippi is on the 
whole very disappointing. "As a rule, there is very little 
resemblance between the various tloods oi (lie Mississippi, even 
between those of the same origin. With a few exceptions, there 
is hardly any analogy to be traced between the hydrographs of 

any two floods at whatever interval." 

He considers the possibility of drawing inferences of expected 
stages of the river from the rainfall in the several valleys, and 
be dwells considerably upon the complexity of |,|je problem, (lie 
paucity of rainfall stations, (he divergence between rainfall and 
ruu-oH' according to the length and intensity of I he rainfall, the 

condition of the ground, season of the year, &o. Other considerations 

mentioned which affoet the >tae,e to he attained, especially in the 
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lower river, arc the height at which the principal rise finds the river, 
duration of the rise, local rainfall in the Iowerriver, rate of travel of 
the Hood wave, which is dependent again on the stage of water, 
L'omlition and extent of the levee system, basins available for spill, &e. 

Further, the difficulty of the problem in the Mississippi has 
been rather increased of late years by the shutting out of the Yazoo, 
St. Francis and White River Basins, which were formerly open to 
spill from the river, anil which thus acted as regulating reservoirs for 
great floods, The confinement of the river between levees has entirely 
altered the conditions, flood lines have been raised, flood waves pass 
mure quickly than formerly, and the hydrographs of previous great 
Hoods from 1880 to 181)0 are of but little assistance in the altered 
conditions of the present time. 

Method of computing expected Gauge Heights*—** Various 
attempts have been made to predict the gauge heights to be attained 
at the several stations from the reported rainfalls and also from the 
known volume of freshets in the tributaries themselves. For the 
tbrmer purpose, one method was to compute the number of cubic 
miles of rainfall in the several drainage basins, and then reduce them 
torun-oH'by an appropriate factor. This quantity was converted into 
discharge and this again into gauge height. It will easily be seen that 
the inexactitude of the data, and the imperfection of our knowledge 
"1 the relation between discharge ami gauge, forbade accurate results 
from such a process. The best means of predicting the effect of a 
given rainfall in a certain locality i> by observing the previous behaviour 
() f the streams under circumstances as nearly as possible similar in season, 

stage and quantity If the river is low or high, or if the season is 

•ar advanced, these inodifviii" cireuin>tiiiiees must receive due considera- 
t'on. Long experience gives a good deal of facility and some sagacity 
"i these matters; though the limited number of stations from 
which telegraphic reports are published precludes anything like 
;i < 'curacy " 

"The system adopted by Professor Russell was based on the 
following proposition : — If there be a rise of a given number of feet 
■* an upper station, then, first, the rise produced at a lower station 
f r "in this source will he greater as the stage at the upper station 
ls greater; second, the rise at the lower station will be greater 
as the stage at the lower station is less ; third, the height to he 
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greater as the stage is greater. Hence, the rise at the lower point. 
considered with reference to any one point above, is a function of 
three quantities: of the rise at the upper point, of the stage at that 
point, and of the stage at the lower point. Of the first two quantities, 
it is a direct, of the third an inverse function. It is assumed then 
that an expression can be found for the unknown quantity by multiply- 
ing the two known quantities together, ami by a constant factor, 
and the sum by ti variable factor, dejjendenl on the stage at the lower 
station. If there wore only one tributary to he considered, there 
would he no need of the constant, but the whole multiplication could 
he thrown upon the last facto]'. . , ," 

Mr. Starling states that (he levee engineer does not usually 
seek to formulate a rule, lmt compares the given circumstances with 
the experience of the past. A study of the hydrographs and the 
conditions prevailing enables the experienced engineer to guess 
approximately what to expect in his particular locality. In applying 
records of pasl observations to the purpose of deducing therefrom the 
probable stages to lie attained l»v n Hood just coming into sight, it is 
indispensable to have an accurate knowledge of tin: changes that have 
occurred and that are continually occurring in the lower river, 
especially in the levee extension. 1 1 instruction is to be derived from 
records of the past, it must he the result of careful study, conclusions 
drawn from such records are mop' of the nature of calculations in 
which the influencing factors an' taken into consideration. "There 

are several method* 4 which promise a lioj f success in this way. If 

discharge observations have l>een systematically taken at any point, 
and a certain ratio of progression established between the discharge 
ami the height of the gauge, then if the probable discharge can he 
predicted tin- Rood height may become known. Again, if we eim 
find any gauge which has not been subjected to disturbing influences, 
hut has remained unaltered for many years, ami if we can trace anv 
parallelism or any known relation whatever between it ami the '^nu^r^ 
below, at stages less than the highest, then by analogy the relation 
may be extended to extreme heights." 

" It is possible, from close observation of the rises in the great 
tributaries, or even from the reports of the rainfall, to make a pretty 
fair approximation of the istago to be reached at Cairo by any Hood, and 
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the probable discharge can be estimated from the stage and from other 

circumstances So far as any hope is concerned of deducing 

a regular relation between discharge and stage, they are extremely 
disappointing, for they are discrepant and apparently capricious 
beyond measure. ..,,'" 

"The relations between the several gauges have been made the 
subject of study by seveml engineers, particularly by Colonel Suter, 
Major Rosaell and Captain TWnsend, of the Corps of Engineers, 
IX S. Army, who have drawn from them many interesting and useful 
conclusions. As applied to the matter' in hand, it may be said, roughly 
speaking, that under ordinary circumstances, with the St. Francis 
Basin open, a stage of say 48 feet at Cairo maintained for several 
days, with the Arkansas and White Rivers at a moderately low stage, 
corresponds to about 46'S at Helena, 49 at Arkansas City, 44 at 
* bv.-nvillc, and 48'5 at Vieksburg. ( )!' course these figures are subject 
if modifications in all sorts of ways — by the behaviour of tributaries 
and reservoirs, by diversities of slope, by duration of flood and by 
other causes— all of which must be taken into account, if an estimate 
is to be accurate ; and even half a foot is a matter of serious con- 
sequence at the top of a great flood." 

Captain Townaend gave a good deal of consideration to the 
,,,. ,. . . ,., question of flood prediction on the river and ob- 

tained results such that he claimed to be able to 
de.tenriine tin- bright of a flood at Cairo within 2 feet, or to know 
beforehand flint his ride did not apply. His method of determining 
"eight was: To use the height a flood attained at Cairo as an 
ordinate and the height attained at Cincinnati as an abscissa, and, by 
plotting results for various Hoods of I jack years, he obtained points 
through which a mean curve was drawn called the "mean gauge 
relation between Cincinnati and Cairo." It is shown on the sketch, 
Opposite, as " erest line. " This curve is supposed to represent, for a 
J, r »ven height at Cincinnati, the height that will be attained on the 
gauge at Cairo several days later, if normal conditions obtain, ic, 
a certain slope exists in the river, proper I i eights at the 
different gauge stations, and the rivers rising at certain rates. If any 
°> these conditions are not fulfilled the gauge at Cairo will be affected, 
!l, Hl the problem then is, to determine the normal conditions and 
w uat corrections should be applied for variations. 
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To determine the slope, he takes tin- height of the gauge at Cairo 

on the day the crest passes Cincinnati, and Minis whether, on the tiny 
the Cain* gauge falls mi the curve marked Cairo, the crest of the flood 
tends to come on the hue marked crest, If the height at Cairo does 
not conform to this line, the flood height will be greater or less than 
the normal by 5/10 of the difference if the gauge at Cairo exceeds 
40 feet, and by 6/10 of the difference if between 30 and 4<i feet, A 
second correction is for rate of rise; if the gauge at Cairo is rising 
about f! inches a day, the condition is normal, but if a rapid rise is 
occurring, a correction is added, shown by the eiirve for rate at Cairo, 
To hold the flood at lis normal hchdit the rivers at Nashville, 
Chattanooga and St. Louis must be at a given height, whieh arc 
shown by lines marked on the sketch. If these gauges do not stand 
at these height®, corrections arc to he applied, but these corrections 
are affected by whether the river is rising or falling. The data is 
insufficient to determine all the. numerical values. He therefore 
adopts the rule of omitting the correction if the gauge is higher and 
falling, or lower and rising, In oilier cases, the proportion of the 
difference, as indicated on the lines, is added or subtracted as the ease 
may be. A lew of the results obtained by applying these 1 curves 
to the floods that have passed Cincinnati with a height exceeding 
40 feet are shown in an appended table. For heights less than 
40 feet at Cincinnati, dangerous floods need not be anticipated from 
the Ohio. 

There arc, however, certain exceptions: to these rules to be 
considered, ri:.: (1) If at Cincinnati the river has been falling within 
six days of the rise, the Cairo gauge does not indicate the slope 
properly and the error may be 3 feet ('J) If on the day the crest 
passes Cincinnati the Cairo gauge is falling, the correction for rise 
of gauge will la 1 incorrect. ( :i ) Floods not yet having manifested 
themselves at St. Louis and Nashville may, within (he next throe days, 
cause asuddi'ii rise at Cairo. This will lie indicated by heavy rainfalls 
or by rapid rises of the rivers above these locations. In this case', 
predictions can be made only three days before the flood rcaeheu 
Cairo. A second SOi "I* curves is added to the diagram fo solve these 
conditions. 

In this ease the curves develope into right lines, the crest parallel 
to the Qairo line and 2 feet above. The line of normal height 
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At Cincinnati appears to coincide with the Cairo line. The readings 
of the Cincinnati and Chattanooga gauges are to be taken three 
i lay* before those at St. Louis and Nashville, and the reading of the 
Cairn gauge used as ordinate. A second tahle shows a few of the 
results of applying these curves to Moods exceeding 25 feet at 
St. Louis, 

In illustration of the application of his method Captain Townsend 

works out the first example on each tahle thus : —A flood height of 

7l'\ at Cincinnati gives » mean height at Cairn of C>'2-i\, hut in order 

tor this to result the Cairo gauge on the same day should have read 

470, St. Ijoitis I0'4, Chattanooga 2f) , 2, Nashville -Mr I , and the rate 

of rise at Cairo should have been ii'4 of a foot. Cairo standing 

48*3, 0*6 x 0'5 = 0*3 is to he added to 52*6, St. Louis standing 1 4 a ami 

falling, >th ( Mi't -1 i-:\) = 0*4 is to he subtracted. While both 

Nashville and Chattanooga are below their normal readings, as the 

gauges are both rising, no correction is applied. The rate of rise at 

Cairo being 8 of a foot per day 0*2 is added, giving 527 as the height 

computed. The actual height attained was 51*8. difference + '9, A 

flood of 30 feet passing St. Louis, Cairo should stand at 2 feet above 

47'5 three days after, under normal conditions, hut the gauge at Cairo 

on the same <tay reading 43*1, !>5 '/„ of 4-4 =4% should be subtracted. 

For 43' I ft. at Cairo, Cincinnati should stand at 32*1, being less than 

that and rising, no correction is added. Chattanooga stands at 5*2 

falling, instead of 21*0 the normal, and the correction is ,,\ } of 10-4 

0* — 0'8. Nashville is below the norma! and rising and ret j aires no 

correction. The rate of rise of <r<; instead of 04 requires a 

correction of + 0*1, giving 4!>5 —42 —0—0-8— + 01 = 44*6, as the 

computed Hood height at Cairo ; the actual is l.rl, difference —0-5. 

Captain Townsend states that, while this method of predicting flood 
heights is admittedly crude, it gives better results than any that lias 
been suggested heretofore. By further analysis it is susceptible of 
*till further development, etc 
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RELATION BETWEEN STAGE OF RIVER AND 
EROSION OR FILL OF THE BED. 

Ax interesting reporl on an investigation of tin* relations existing 
between stage of river and the scour or till which takes place in the 
bed was made by Air. Ockarson in April 1896, (See Chief of" 
Engineer's report for that year.) He premised Ins report by these 
remarks: "Much difference of opinion exists as to the time and 
condition- 1 ? of stage when the deposits are made and the low water 
channels are obliterated : also when and at what phase of the stage the 
scouring out actively begins winch finally results in a renewal of the low 
water channels. With a view to reaching some definite conclusions on 
this subject plates I to <i have been prepared, showing the gauge 
curves and the mean and maximum depths for equivalent dates*" The 
data for his plates are found in results of discharge observation which 
covered considerable periods of time and were made at eleven different 
station-. 

Altogether lie iliseii»es 201 phases of stage. Of this number 
there are 6(5 eases where the mean depth increases or scours on a rising 
stage, and 8;! eases where the mean depth decreases or tills oh a falling 
staj»c. There are <; I cases where the maximum depth increases or 
scours with rising stage, and 7f eases where the maximum depth 
decreases uv (ills on a foiling stage- It is noticed that the scour 
uicidenl to rising stages is prolonged somewhat, and the crest of the 
Pise and till continues beyond tin- minimum stage reached by the fall. 

The observations do not extend far enough into the low water 
periods to disclose the condition under which low water scour tidies 
place. It is probable that the phenomena of scouring bars at low 

w 'tter, noticed by pilots and Others, are confined to the crossings and 
are merely local not general conditions. 

Mi". Ockerson remarks : " It is probable that the relations found 
'" toe discharge sections apply also to crossings. The rising stages are 
,ll '!'ompanir,[ by increasing velocity and should produce a scouring 
'"''''t. Falling stages are accompanied by decreasing velocities and 
111 ls a necessary consequence, These phenomena are doubtless 
''"""""H to th,. vtrhole bed." (He apparently neglects the result of 
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change of direction of the main current of the channel during rise 
and fat! of stage, and the consequent lateral movement of the thalweg on 
crossings. His conclusions are not necessarily correct regarding the 

crossings. The low water crossing during the rise in stage from low 
to high water may be left to one side of the highest velocities of the 
changing discharge area, resulting in a till on the low water crossing 
during the rising stage. This till has then to be scoured out on the 
falling stages as the current reverts to its former position on the 
concave sides of the bends.) 

In addition to the general change of stage, crossings are affected 
at low water by increased velocity due to local change of stage— that 
is to say, the bar acting as a dam developes an abnormal slope between 
the pools when the Volume of flowing water becomes Hinall. This 
excessive slope with its increase of Velocity soon begins the scour 00 
the crossing. The local water surface is lowered, and the deposit left 
by the falling stage is again taken up. 

Finally, he concludes: ''In examining the diagrams it will be 
seen that there are many minor oscillations in depth which do not 
seem to conform to changes in stage. These are largely sand waves. 
It may be said, however, that nearly every rise of considerable 
magnitude and duration in accompanied by scour, ami h similar fallis 
accompanied by <t fit/." 

The value to he placed on the above investigations depends 
largely on the location of the gauging stations with reference to 
crossings and pools. Mr. Ockerson, however, informed the writer thai 
most of the stations are suitably situated for discharge measurements, 
that is, they are in comparatively straight, reaches and fairly free from 
disturbing influences of changing crossings, etc. lie pointed out the 
advisability of a special investigation of changes occurring in both 
pools and crossings in onhr to obtain correct conclusions regarding 
the effect of rising and falling stages "ii each. 



EFFECTS OF "CUT-OFFS" ON RIVEB CHANNELS. 



A "cit-ukf " in a river channel shortens its length and causes a 
redistribution of the slope atul accelerated velocity in the reach.es 
adjoining the cut-offj which extend up and down stream for consider- 
able distances, [i is accompanied by a lowering of the water surface 
as tlie volume of water is discharged through a lesser cross-section 
than under the original conditions, atul a cut-off therefore affords relief 
to the levee lines along and adjoining the reach of river in which it 
Occurs. This, however, is only temporary, for the increase in velo- 
city causes erosion and lengthening oat of bends, and consequent 
lengthening of the river, which, in the course of time, regains its 
original length. 

In support of the belief that the beds of .sedimentary rivers are 
Mr, 8t«rUa« «ii self-regulating, and, in the case of the Mississippi, 
" r "'-" lK " thai between the fixed points (the slipping otf 

place above Cairo at the head of the alluvial valley, anil the Gulf 
l''\v]) it must have a H\ed slope, Mr. Starling says: "If it does 
surpass this limit it becomes destructive, and erosion ensues until, by 
the lengthening of bends thus produced, the slope and velocity aiv 
lessened. In iszn' a cut-off occurred at Vicksburg whereby the river 
was shortened about 6"5 miles. In 18!)- a survey showed that in a 
distance of about 50 miles above the eut-off and an many below, the 
river had regained about 4 miles. ,J 

Further he quotes the distance from the mouth of the Ohio to 
New Orleans in 18*21, according to surveys of the three previous 
ye*rs, at 954 miles, while in 1882 it was HH miles. Thou "in 1884 
occurred the waterproof cut-off, shortening the river about t*2£ miles, 
!l »d allowing for subsequent lengthening of bends, it is likely that the 
stance now is verv nearly tie/ same that it was in 1825. Yet, within 

. I ' 

lllr interval of 72 years there have occurred, at least, 14 cut-offs, with 
* shortening of, at least, inn miles or so." 

He considers them altogether out of place on the rapid and un- 
able Mississippi. " They produce violent changes of regimen, 
''' : ' ni ^ away valuable plantation* and destroying costly lines of levee 
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on the one hand, and condemning considerable towns to decay on the 
other, by leaving behind them extensive sand bars or unnavigable 
channels; and all without accomplishing any good purpose," 

It will be seen by perusal of page 3,54(5 of Chief of Engineers' 
CUM* waved b 7 Report for i*M7, tlmt Mr. PlmiT, Chief Engineer, 
Mr. rimrr in i8i)7. ] J(l wer St. Francis Front, proposed no less than 
three cut-offs between Helena and Vicksburg, to " remedy" the want 
of slope in that length of the river, u * by reducing its length more than 
40 miles, thereby increasing the slope and reducing the high water 
line along that reach of the river, so far as to make their present 
levees sufficient for any flood." Tins recommendation was made, in 
the interests of the St. Francis' Levees, after reviewing at some 
considerable length the relations between ''aii'V heights readied by 
the 1897 Hood, but it did not meet with approval of tin.; Commission. 
Curiously enough, the length m which these cut-offs are proposed 
is above the reach of most active erosion referred to under the head 
of " Erosion " in these notes, and above the reach, when considered 
in short lengths, of least slope in the first 650 miles of the river 
below Cairo, 

The general opinion seems to be, as stated by Mr. Starling, that 
" eut-otfs " inert -ly disturb tin* equilibrium of tic 
river, and are objectionable on the .Mississippi. 
The action of the Mississippi River Commission in their treat 
meiit of Ajshbrook Neck, 446 miles below Cairo, 

I'i'-vi'Hi icnr.nl!?. • i. , - . ■ ,. it ... .. ... i 

indicates their opinion of the effect ol cut-offs and 

i he advisability in certain cases of their prevention. The following 
extract from the report of the Commission for 1896 speaks for itself : 

"Third District. . . First 

Second. Aahbrook Neck, 44 1; miles below Cairo. This work is 
being done under tin- appropriation for the general improvement of 
the Mississippi River, and furnishes illustration of a second class of 
work where the prevention of the caving of the bank by revetment is 
tl nly practicable method. Between (Mutts and Craig's Landings 

the course td' the river known as ' The Bends, 1 is 40 null's long, while 
these points, in a direct line, are only 1 1 miles apart. In its sinuous 
course the river makes four long points across which the distance is 
fnnu 2,800 to about 7,500 feet. Around each is ahoul in miles. It is 
quite evident that should the river break through any of tlc^' rtarrow 
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' necks/ tlie reduction of length and increase of slope would so accele- 
rate tin,' current that the more rapid caving of the hunk would soon 
eat through the others, So great a change in the regimen of the 
river would extend for long distances above and below, and injuriously 
affect the established condition of levees, harbours and navigation. 

" Apprehending Bach a catastrophe the Commission in 1890 under- 
took the revetment of the upper bank of Ashbrook Neck. During 
that and the following working seasons 10,175 linear feet of bajik 
Were protected. This work has required but slight repair, and is now 
in good order. It has arrested the caving where applied, but it is 
considered advisable that an upstream extension of about 2,000 feet 
should lie made \\w the complete protection of this bend. 

In the writer's opinion they are objectionable also on the Indus, 
excepting, perhaps, on a minor outlet or " Pass " 

CBt-offisonthe lottos f i * .» *■ • <- i i i 

tit the sea he low the mint of levees and regular 
cultivation. 

The only instance, as far as is known to the writer, where such a 
eut has been .Artificially made on the Indus was to shorten the Uchito 
outlet for the purpose of obtaining a better supply of fresh water for 
Ktti Bunder four years ago. What the result has been the writer is 
not aware of; but, if more than merely temporary, and if any large 
quantity of water has been induced down the Uchito, it has probably 
been to the detriment of the Hyderi or main outlet to the sea. 

It is undoubtedly wry necessary to consider the probable results 
of such cut-offs even on minor outlets near the sea before undertaking 
their execution. They will probably only temporarily improve the 
local conditions, or if permanent will unquestionably affect the 
discharges through other mouths, 



OUTLETS. 

The term ''Outlet" is applied on the Mississippi to large channels 

in or near the delta which diverge f'nmi the ntaiu river and deliver 
into the sea, really secondary mouths; to lateral escapes which spill 
over the natural banks into depressions or basins; to artificial escapes 
to discharge in the same manner; and to crevasses through levees. 

Outlets have been proposed at different times as a means <>l 
reducing liood heights, hut as waste basins arc not available for the 
reception of such volumes as would have to be withdrawn from tin- 
river to give appreciable relief, the only location for artificial outlet* 
or escape channels on the Mississippi would be in the delta reaches 
where they would deliver direct into the sea. The opening of such 
an outlet means practically the excavation ■>!' a new month or canal 
to the Gulf, Besides the first eost, that of its maintenance has to be 
considered, and also the elfeet it would have on the main lltoutll of 
the river. The latter, in the ease of the Mississippi, is a very import- 
ant matter, for the trade interests demand a depth over bars from the 
Gulf into the river and up it to N\-w Orleans sufficient I'm' sea-going 
vessels. 

During the time Captain Powell held charge of the office of 
Captain FwroU'. In. Saerettty uf ' tll( - Commission, he instituted an 

VcslijjatiMl inlo.rfF.rl> investigation ,,f the elfeet of outlets Oil I hi- bed of 
oi outlets. , 

the river below them and later, having added some 
data, he made a report on the results of his investigation. (See 
Chief of Engineers' Report, 1801, Part G.) 

He had at his disposal records and reports from which were 
Obtained reliable and comparable measurement* ..f the rivet- sections 
near and below outlets; and his investigation covers measurements of 
sections below outlets at differenl heights and conditions of river stage. 

Preliminary investigations wen- also made into several side issues 
of interest which arc mentioned in the preface of bis report. His 
conclusions are extracted as below : - 

''Judging that. . . effects ofstage might mask the outlet elfee.s. 
and if known furnish a key to the mystery of discrepant results, . 
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an examination was made of the effects of river stage at the discharge 

sect inns from Cairo to Carrollton, removed from outlet influence. 

" This examination showed by means of plots, and in a decided 
way, that at the discharge sections named a generally rising river 
8C&WS the bed and a generally /o ///><// river Jills it. 

"That the rising Mississippi, with increased velocity and volume 
and hence greater energy, should scour, and that, the receding flood, 
when velocity is diminishing, should deposit from its heavy loud of 
sediment, is an equally good theory to the generally accepted one of 
fill below an open outlet and of scour below a closed one." 

He gave it as his opinion that while Hoods caused deposits they 
arc made Oil the receding stage and to its lowest points and not on 
the advancing stag*-; and that the cutting out of bar channels across 
shoal places at low and Calling stage- should not be considered a 
proper exception to the general law indicated; neither should the 
ease where the shifting of the thalweg on a rising river acts to 
temporarily mould a new form of section. 

Another side examination made was to see the effect of crevasses 
on controlling depths in the reaches of the river lower down. He 
found from the data that while the tills in the pools were decided, 
the crevasses had but little effect on the depths of the cross- 
ings. 

"Another deceptive conclusion as to outlet effects on the river 
bed has been drawn from comparison of sections above and below 
outlets, wherein the lower sections were found to lie smaller arid were 
made to apply particularly to outlets making from bends." 

His observations of a number of curved reaches removed from 
the influence of outlets showed the same conditions existed in the 
majority of cases ; the larger section was found at the head of a bend 
'Hid the smaller at the lower end, 

"The theory of lills below outlets is derived from the fact of the 
lowering of the water surface ;tt the outlet, and consequently the loss 
°i slope atid velocity below. A gain of slope and velocity above 
must be likewise acknowledged: a scouring effect results thereby: 

and the comparison of sections above and below does not 

s bow how much of the difference is due to scour at one section or fill 
at the other. Therefore to give a proper measure of outlet effects 
Sections below the outlets only should be compared together." 



( 118 ) 

With this preface he proceeds to compare results and to analyze 
them. On the M organza Crevasse eight sections were available for 
previous years from 188:1 to 1 889, covering about five miles of river. 
After comparing results of his surveys with these be concludes; " On 
the whole, ami from a eon si deration of all the measurements, the only 
conclusion which seems wan-anted by the record forMorgaoza is thai 
tin influence of river stage greatly predominates over the outlet 
effect, and masks the latter so closely that neither its amount nor 
direction can lie stated," 

Bonnet Cams Chvowse, -His conclusion, after analysis of results 
on this crevasse, was : '' On the whole, and considering all the ohscrva 
tions, a conclusion for Bonnet Carre similar to that drawn for Morganza, 
although less in degree, seems proper." 

Culiiffs <!•()>. Through this (Jap the water flowed as through an 
orifice on to a flat ul'dieOuli'. It formed a delta of its own. He 
found : "The tables show a very marked decrease of waterway of the 
main river below the (Jap after it opened, as compared with the single 
survey made several years before the opening, for which no explanation 
is suggested other than tlie outlet influence. Cubitt's (Jap appears 
to be ft case win-re the till on the river lied as an effect of tile outlet 
considerably exceeded any opposing action of scour by rising stage of 

tile river. 

Next lie considered the Atehafalaya which he says should be 

considered not only as a river channel, but the whole 
\loUftf»Inja in. .mil. , ' t - ... 

basin should be taken as an outlet lor high water 

escape, Me points out its conditions are different from the others, for 

owing to the const ruction of levees along it and the lied River of late 
years, it has received Mississippi water during the lower stages and 
only in an intermittent way during other stages. Here too a shoaling, 
though not great, was found below the outlet which was not explained 
by scour on a rising stage and deposit on a falling one. Other causes, 
he says, had more effect in this case. He concludes ; " While it may 
nut be safe lo base any general law on the effect of the Atehafalaya 
outlet, it can be said thai the filling of the main river lied below is 
not fully or satisfactorily referred to other cause." 

I,', viewing all of the above: " It may be noticed lb]' outlets at- 
and below Hcd River, from where they can he led directly to the 
Gulf, that, as far the record goes, the large all-stage outlet was found 
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to cause a measurable and remaining till in the main rivet below, but 
not the smaller and high stage crevasse. When the latter ceases to 
ROW, the effect of the river is by scour to return to its normal section 
of hed ; and the action of 10 to 20 of the whole river for about one- 
fourth of the time ought not to decidedly influence it fur the whole 
time." 

In the Minn.' year Colonel Suter, Corj>s of Engineers, made a 

<■,,( ,i sui.t"- special investigation and wrote a paper on the 

inTMrtffitaHi orevasses which occurred below Red Hivei'. (See 
page 8,44 I of Chief of Engineer's Report for 1891), He used what 
is called the method of '* gauge relations" and produced a number of 
diagrams which are attached to bis paper showing the [■elation 
between different gauge stations The object of his inquiry was to find 
what heights the river would have attained had crevasses not occurred. 
His method of deduction \& both interesting and instructive. 

He Computes that: " The Nita " crevasse which occurred at a 
point four miles above Col ley ;o Point, 90D miles hclow Cairo, while 
acting alone ami with estimated discharge of from 300,000 to 400,000 
Cubic feet per second, lowered the levels which the river would other- 
wise have reached at College Point .'U feet ; at Carroll ton, 50 miles 
''•'low, :M a feel; at Plaquemine, 4a miles upstream, I ■!' feet; at 
Baton Rouge, 68 miles upstream, I "4 feet; and at Bayou Sara, inn 
'idles upstream, 0"2 feet. 

This crevasse was, however, an exceptionally large one. and its 

etleets w,-iv tar more extensive than usual. 

Iii an ail tele on this subject Mr. Starling discounts the amount 

Mr. sii.tinn;..!, iin. of lowering of floods supposed to he given by the 

""""■ occurrence of a crevasse, and argues with reason 

"'■'I it i,s much more local than i* popularly supposed. 

Then as regards outlets to deliver into the sea, he makes 
quotations from his notes on the Holland Dikes on which, after .an 
"xteiuave inspection, he read a paper before the American Society in 
1892. He says ; "The Dutch experience with outlets is all against 
them. The outlets were dangerous and detrimental on two grounds : 
uey caused a slackening of the current, and consequently deposit 
WW Shallowing; by the same .slackening the movement of ice was 

nipeded and gorges formed. The principle is now utterly condemned." 

And so nil. 
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He states in effect that the lowering of the Hood water by a large 
outlet near the mouth seems to possess a great attraction for the 
public, hut that the short channel to the Gulf would not reduce the flood 
height in the lower readies, though it is even elaimed its effect would 
extend to nearly the whole upper river. As to the latter claim lie 
refers to the great Xita erevas.se of I8i)0, the effects of whieh are 
tie tailed above, and he points out that they did not extend much 
beyond Bayou Sara 100 miles up the river. Then further, he points 
out that the influence of the outlet, if it developed upwards, would 
after a term of years, have the same consequences as a cut-oft' that is 
increased velocity with bank erosion ami Lengthening of the bends 
until a eoudition of stability was again reached. In other words, 
"that would occur whieh is least to be desired, namely, a condition 
of ell a os." 

Though admitting that the flood line in reaches near the outlet 
would be lowered for a time, he denies that it would he permanent. 
" The best results that could happen would be tin 1 the outlet to elose 
itself again. If it did not, it would become the principal mouth of the 
river or It would deteriorate and eventually ruin the old mouth, in 
either case utterly reversing existing conditions and undoing the good 
work of many years of both nature and man." 

That the; Mississippi Commission Engineers have held I be same 
OptnioHoftteMIfl^ "p'miun for many years is evidenced from their 
aippi Commission, remarks on the Atchatalaya as an outlet when 
Considering what is known as the Red River and AtehafaLiyn 
rectification. The Atehafalaya, as stated byCapt, Powell, H< certain 
stages does not act as a tributary bringing water into the Mississippi, 
hut at the higher stages of floods takes water from it and discharge-sit 
into the Gulf through bayous and lakes. 

In 1884 while presenting the above-mentioned project, tbe 
Commission remarked: "This leads to the consideration of the 
Atchafalaya as an outlet and to the question of its closure or restric- 
tion as such. The Commission entertains no doubt of the truth of 
the general proposition frequently heretofore stated, that the tendency 
of an outlet of substantial discharge is to impair the efficiency of tbe 

main channel below it. The complete closure of the Tensas Front 
(by levees) will transfer tbe discharge of tbe present outlet, along 
Lhat front to the mouth of the old river and the space between thai 




Near the Mouth of South Pass, looking toward Gulf. Dec. 12, J 898. 
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poim and the foot of the Tensas levees. That the tendency of a 
permanent outlet so large and so sharply localized will he to impair 
the main channel below seems certain." 

Again in IS'Kl the ( 'ommission incidentally recorded their opinion 
UtwtoiM,! cmuiiru. On outlets when dealing with the question of 
""'" '" ,s,l:) - increased flood heights due to extension and comple- 

tion of the levee system. They remark, page 3,560 of their report 
for 1893:— 

" Undoubtedly greater heights will occur when a still larger pro- 
portion of high water discharge is controlled between levees, and when 
abnormal Hoods occur, but in the meantime the improvement of the 
levees undertaken and approaching completion . . . brings in sight 
* condition of the levee system that will give substantia) relief and 
protection in all except years of unusual Hood. . . . 

"To any other system for the protection of these alluvial lands, 
there are objections, both theoretical and practical, which cannot be 
overcome. Those of ft theoretical character are connected with the 
hydraulic law thai a r&lurtitm of flood di-ichwge m a silt firmed 
''ii'uiiu'l in II reduce its tnttncily below the point of outlet. 

'This observation has been repeated in the many local compara- 
tive surveys of the river bed made by the Commission before and after 
Crevasses, or before and after rebuilding the levee made necessary by 
;i Orovusse. The difttcuhies of a practical nature consist of the neces- 
s 'ty of continuing any outlet to the Gulf without return to the river 
a t any iuier mediate point. Such return would merely transfer the 
danger from one locality to another lower down. The condition thus 
imposed upon any outlet involves great cost and danger. Any outlet 
'^tended to relieve the parts of the river where Hood heights are 
&°W most dangerous would, in any case, be very long. To have an 
fcppreeiable effect it would require an excavated channel of large width 
rtt id depth. . . . The cost of the levees which would be required 
w Control it and prevent the permanent continuation of disaster and 
overflow while flowing through regions which will, in a few years, be 
placed under the sufficient protection of a levee system would be very 
ttiUoh greater, 

" When completed there would be two or more rivers, each 
presenting the same dangers aud requiring the same treatment as the 
l )1Vs eiil sin^r],, rhantiel. The cost of efficient outlets would lie greater 
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than the cost of completion of the levee system. When constructed, 
they would either silt up as do many Island Chutes, or would enlarge 
and assume the tortuous type of an alluvial stream with shifting 
bars and caving hanks. Finally, conceived and executed in defiance 
of physical law, they would fail as a safe, cheap or efficient method of 
abating overflow. 

" After a review of the progress thus far made in the improve- 
ment of a levee system and of the facts developed by the continued 
sur veys, goMffings and observations of the river, such as the entire 
absence of evidence of any vise of th<> bed of the river, the local 
tendency to shoal where volume is reduced, and the larger discharge 
now controlled between levees, with an increase of flood heights 
which (toes not affect the practicability of a low system, the Commis- 
sion expresses its continued confidence in thr reclamation from over- 
flow of the alluvial lauds of the Lower Mississippi Valley on the lines 
now proposed and in progi^ess as entirely practicable, at a cost which 
is amply justified by the importance of the undertaking." 



CHAPTER VI. 

Introductory Remarks on River [mftrovemeats — Bank Revetment — Continuous 
Revetment— Disfiontinaons or [Vtuchfil Revetment — Bunk Heiuls, Missouri 
River. 

INTRODUCTORY REMARKS ON RIVER 
IMPROVEMENTS. 

Ths different methods employed in improving rivers for naviga- 
tion purposes, and of which examples are found in North America, 
niay be classed us follows : — 

(l ) Removal of snags, wrecks, and boulders, &c„ obstructing the 
channel. 

(2) Protection of hanks against erosion, thus fixing the channel in 
Concave bends and lessening the materia! which goes to make Up bars; 

(3i Construction of dikes, wing dams and training walls; 

(4) Dredging, assisted on rock bars by blasting ; 

(5) Slackening water for navigation ; and 

(6) Construction of lateral canals. 

The results obtained from bank protection are largely dependent 
"ii the character ot' the bottom and the description of the work itself 
As will be shown, continuous revetment is being successfully built of 
% description suited to the conditions prevailing on the Lower Mississ- 
ippi, than which no worse can be conceived, but the cost of this form 
"i protection is so great that its use is limited to the holding of 
specially important lengths. 

In alluvial rivers the effect of permeable dikes is shown after the 
hirst high water, the channel being deepened and accretions being 

l) uilt up often to highest tl I level outside the limits of the contract- 

e d channel; but to be permanent, these accretions require revetments, 
lir the dike system must be maintained. On tributaries and rivers with 
"Wd bottoms, the object of confining the channel is usually to raise 
*he water surface and to obtain a better distribution of the slope over 
shallows and bars at low water. There is always a certain amount of 
^'"gcr in interferim.' with the established regimen of a river, and 
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although wing: dams and training walls give increased depths in their 
vicinity, they often result in a tendency to cause shoals lower down. 
Special eare is necessary in their alignment to bring the high water 
forces to bear on these points to scour out bars left in the low water 



season. 



Dredging in bard material is generally a permanent improve- 
ment to the river, but in soft bars of recent deposit, especially in 
alluvial rivers, is more or less temporary. 

Good examples of improvements by slackening water for navigation 
and by the construction of lateral canals are seen on the St. Lawrence 
and Lake Canals, and many other systems in this country. 

Such works can be made perfectly successful, the only question 
for consideration being, as a rule, the financial one as to whether the 
advantages to be gained arc commensurate with the cost involved. 




Caving Bank, CaruthersviUe, Mo. Dec. 16 Q 8. 



BANK REVETMENT. 

The general plan of improvements of tin.* Mississippi River 
originally provided for improvement of its navigation by the concen- 
tration of tin- discharge uf the river at all stages within a well-defined 
channel by means of levees, hank revetments, and eon tract ion works ; 
and, at the present time, to satisfy immediate requirements, it also 
includes the deepening of the low water channels over bars by dredging. 

While there has been some difference of opinion regarding the 
extent >>f beneficial effect on the channel resulting 

I'.ffail on Cliiiund-. „ , , ,, , ,, . , , 

from the construction ol levees, there has also been 
similar difference of opinion regarding the eft'eet of bank revetments. 
Indeed Mr. Eads strongly opposed them ; jh'Htly, because he did not 
believe they would be effective, and secondly, because of the enormous 
expense they involved and the impossibility (he contended) of main- 
taining them. The advocates of revetments, however, argue that by 
preventing the caving <»f banks, the supply of materials for building 
up &hoak below is largely reduced and navigation is thereby improved. 

The fart remains that the Mississippi Commission, who have given 
this matter special consideration, have steadily continued the construc- 
tion of hank revetment on a very large scale until quite recent years : 
and at the present time they maintain the revetted reaches and 
construct new lengths where the interests involved demand it. 

The opinion expressed by the Senate Committee last December, 
1,1 the effect that ■'in view of the great cost, comparatively great 
taking into consideration the results, it would he more judicious 
to li lu it revetment to levee and harbour protection," may tend to limit 
expenditure on general bank revetment in future, as will also probably 
'■he great success being met with in (lie use of powerful hydraulic 
dredges to keep open and deepen low water channels. Hut a discussion 
,J ' the merits of bank revetments as a means of channel improvement 
hardly comes within tin- scope of these notes, and will not be 
proceeded with. 

There is no doubt though that revetments on the Mississippi 
have reached a high state of efficiency, and that such works are 
Qlla iUestionably useful in protecting valuable property and sometimes 
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in resisting threatened cut-offs or undesirable changes in the reinmen 
of the river. The development in the construction of revetments 
ami tlie methods followed of lair yearn may therefore be briefly 
described with advantftoe. 

When the Commission first undertook the Construction of 
revetments on a large scale in 1882, they estimated their cost at 
about twelve dollars per running Coot of bank. The earlier work, 
though <»n an extensive scale, was however largely experimental, and 
it was soon discovered that permanence] could not be secured without 
the use "f stronger and costlier structures, until at. the present time 
the rate is us high as *:i0 to 835 per running foot. 

Every feature has been the subject of experiment The strength 

of materials used, maimer of construction, width and thickness of the 
mattress, method of laying it in place, amount ami disposition of the 
stone, &c,, have all been experimented with and results carefully 
recorded and reported upon. And it is now stated, probably correctly, 
that the art of hank protection by subaqueous mattress revetment and 
rip-rap lias reached a degree of perfection in the hands of the United 
States Engineers, who have had charge of the works on the Lower 
Mississippi, which has never been equalled elsewhere in the world* 

Mr, Ooppee, in his paper on Hank Revetment, traces the 
Mr. (<i>|i|>tioiiii Bunt progress made on the Lower Mississippi from the 

Rcwsimwr*, earliest days as derived from personal knowledge 

and from reports of the Chief of Engineers, In his introduction he 
states that hi> object is to give in logical sequence tlie operations of 
the Engineers on the Mississippi River in dealing with the problem of 
bank protection; and that though much valuable engineering knowledge 
is buried in the executive documents, it can be resurrected only with 
great difficulty, as the different members of one subject have been 
often interred in many volumes covering a range of years. 

The writer will, therefore, endeavour to compress and extract, from 
Mr. (Joppees interesting paper sufficient information to follow the 
progress made in methods of const ruction which have led up to those 
approved at the present time. 

" The purpose of the revetment is to prevent the bank caving 

(which, without protection, is constantly occurring 

on the concave side of the river), ami thus reduce 

the load of sediment carried to the bar preventing its rapid growth ; 
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t<> maintain a normal width ami depth in the beuds, and to protect 
Valuable property in danger of being destroyed by the constant action 
of the currents." 

The lower river flows through a low-lying country subject to 
inundation, composed for the most part of sedimentary deposits, 
though undoubtedly having its origin in places at a period antecedent 
to the existence of the river. The material in the hanks is generally 
m horizontal strata of varying thickness and consistency without 
definite order, the position of the layers being determined by the 
locality and its relation to the current during formation. 

"The object has been to endeavour to construct all revetments 
sufficiently strong to protect the weakest materia!. The position of 
the strata ami the drainage of the back-lying lands are also potent 
factors in the problem of improvement by revetment, as the lighter 
Strata, sand, &c., act as drains for the ground water at low stages, 
causing much damage by slousrhinsrs." 

For the purpose of these notes it will be. convenient to consider 
I'evetnieuts under two heads, ■■/:., Continuous Revetments, such as 
liave been adopted generally in the Upper reaches, and Discontinuous 
Revetments or Spur Dikes, commonly used at New Orleans and at 
Special points higher up the river. 

It may be pointed out that below Baton Rouge, 800 odd miles from 

t-airo, the appearance, physical features, and general characteristics 
"f the river are imite different from those existing above. The slope 
,s less, the average depth much greater, and width less. Caving is 
Goinparatively slight, and the difference between high and low water 
stages at New Orleans is only about one-third of that at Arkansas 
City. 



CO XTI X U< )US K EV ETi r E N IS. 

The first work mentioned was built in 1*7* at Delta Point 
opposite Vieksburg. It consisted of revetment of the bank merely 
below low water, it being expected that the upper bank would not 
need protection, The revetment was made of willow mattresses 150 
feet long by 50 feet wide, constructed on floating ways whieh, after 
beiijii launched and floated into position, were Weighted with stone and 
sunk to the bottom. 

The floating ways or barge on which the mattress was manufactured 
consisted of two coal boats, each 165 feet long, placed parallel to each 
other and bolted together. On them the ways proper were erected, 
having inclined skids t; feet apart running across the barge, supported 
by posts. Tlie runs extended n" feet beyond the m\^v of the barge ; the 
timbers itf the framework were i x 6 inches. Stringers were fastened 
below the runs at the lower end bo strengthen them. On ibis barge 
the mattress ,i0xl7.i feet eon Id be constructed. When ready tO 
manufacture the mat. material barges were towed alongside of the mat- 
tress ways and the material taken from them as needed. 

The mattress construction consisted in first niacins longitudinal 
stringers made uf poles «; melton in diameter at the larger end, fastened 
together with wire and spikes 8 feet apart on the runs ; each stringer 
stretching along the barge the full length of the mattress. Aeross lie 
Stringers and on top of them Were then placed transverse stringers also 

8 feet apart, fastened to the longitudinal system at the intersections. 
At the intersections pins of hickory l inch in diameter and 3 Peel 

long were also inserted in a vertical position. 

(tn the top of this framework between the pins were tlien laid 
layers of willow brush, each layer at right angles to t he one beioW, 
until a thickness of 2 feet was obtained. On this brush was placed a 
set of transverse stringers B feel apart in the same manner and tit 
dimensions as those below. The pins were let into these stringers 
and secured by wedges and nails thus connecting the upper and lower 
system of poles. Wire was also used io further strengthen the 
connection between the two frames, 
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Type ot Mattress used in lower reaches of the River. 
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When the mattress was completed, ropes were fastened to it in such 
a manner as to be readily freed by toggles when on the bottom. Then 
it was launched from the ways into the water and towed to the part of 
the bank to be revetted. When in position sufficient rock was thrown 
from the mooring barge and flats to cause it to settle to the bottom. 

The first mattresses extended from the low water contour down 
to 150 feet on the, subaqueous slope. One could be made and sunk 
in a flay. Tn some instances the depth of water at the outer or lower 
edge of the mat was as much as Sd feet. 

In I860 it became apparent that the protection of the sub- 
aqueous hank only, leaving the upper slope exposed to the destructive 
action of the currents, was bad practice, and that some method would 
have to be adopted for the preservation of the latter. The bank was 
therefore graded tn a slope of about 45 degrees, and on this was laid a 
mattress Of about 8 inches in thickness, the mat 
being kept from sliding by wires fastened to dead 
mon on the bank above. A " dead man" is a 
beam burled horizontally in the ground forming 
! >ii anchor. 

In 1H8I the method uf mat construction was entirely changed. 
Uti»o§a in raettod of 1^ He lYanu>s and pins were abolished, wire netting 
1 '"- ln """" in mi - was substituted for the frames and held together 
by stitches made> through the mat. 

The mattress boat used at this time consisted of two barges 
20 feet wide, 150 feet long and 3 feet deep (we sketch cross section), 

J u |^ 
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with a raking end allowing an overlap on the shore For connecting the 

mat to the revetment above water. 

"The barges were rigidly fastened to each other by beams 8 

Bmhes by is inches in section and 80 feet long, a 9 feet space being 

,J tt between. Tins space was spanned by 4 x f> inch sills at intervals of 

a -> Feet which supported the posts, I x n' inches and (I. 1 , feet apart, on 

which the runs rested. The runs were of cypress, 4 x <! inches beveled 

UI > the upper side and a,} feet between centers. The top of the runs on 

Oe high side was about 18 feet above water level. There was a break 

", MR y 



in the run slope as shown in the sketch. A floor i feet In-low the top 
of the runs enabled the men to work under the mat and also acted as a 
brace to the posts. A platform 8 feet wide projecting from the high 
side of the ways extended the whole length of the barges." On this 
platform was a drum of about 3£ feet in diameter on which the wire 
netting was manufactured. The detail of the drum and manufacture of 
the netting need not be described as this system of mattress-making 
was very shortly given up. 

In constructing the mattress, longitudinal poles were first laid 8 fed 
apart, not for the purpose of strengthening the mat, but to assist in 
launching it. On these pules was placed the wire netting, Over the 
netting came the brush in throe layers to the thickness of I foot. Then 
the willows were sewed to the wire netting with No. 12 wire, the 
seams being 4 feet apart and in lines parallel with the length of the mat. 

Cross rows of poles were wired to the top of these mats to keep 
the roek ballast from rolling off. The operation of sinking was similar 
to that previously employed. 

The Commission, having made a .study of the problem) formulated 
in 1881 a protect for the improvement of the river. 

Early decisions ul tin 1 ■ 1 /• • 

MisaiBsijipl itiv.;r Cum- which provided for contraction works and bank 
revetments. The bank revetments were intended 
to ntop erosion and caving of concave bends. Quoting from their 
report of 1881 : The process of laying this revetment will vary 
greatly in different localities, but will commonly, or at least in many 
cases, consist in first freeing the bank of snags, stumps and brush, and 
then placing a mattress . . . upon that portion of the slope 
extending from deep water to a few feet above the water level, and 
weighting it with sufficient rip-rap stone to hold it in place ; the revet- 
ment to he afterwards completed by grading the bank above the water- 
level to a proper slope with streams of water under high pressure, 
after the manner commonly followed in hydraulic mining and laying 
thereon a supplementary mattress, overlapping the one previously laid 
and extending up to the crest of the bank. . . . Whenever it may be 
deemed safe to omit the mattress on the upper part of the slope, and 
place the stone covering directly on the bank, that course will lie pursued. 
The two reaches first selected for improvement were a length ol 
40 miles at Plumb Point above Memphis, and a length of 35 miles 
at Lake Providence below Greenville. Radical changes were made in 
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the general design of protection works. Harbour mattresses were not 
Considered efficient Tor permanent protection because of their small 
size uiul detached condition. 

Tlic first change then was t<> inerea.se their width to three times 
that formerly used, t<» build and sink them in continuous stretches 
of from 500 to 2,000 feet, and to prepare the hank by removal of snags 
with boats specially built for that purpose. The first mattresses used 
by the Commission were *A' much the same description as those made 
Hi 1881. but constructed "» a specially designed machine barge which, 
however, was not very successful. 

In 1882 the revetment nf Delta Point was vigorously proceeded 
with, but on a different plan, the ''woven" mattress 

I In- iV„v«u MiuiiV", 

being adopted. 
Tbc method of construction was as follows : A moving barge 
170 feet long by ->6' feet wide was placed end-on to the bank at the 
upper end of the slope to be revetted. The barge was held in position 
by Manila lines leading to dead men on the bank and to anchors in the 
stream above. On the down stream side of this and secured to it by 
I -in. lines were tbe ways, placed with their lower ends of the runs 
Up-stream. 

" The construction of the mattresses was commenced l>y laying HO ft. willow 
poles across the runs find near their lower ends. These poles were lapped from 
4 to 6 ft. ami listened together with No. 12 wire and four or more ('.-inch boat 
»pikes, Longitudinally between the runs, about tJ ft. apart, were placed willow 
poles of the same dimensions, with their large ends resting on the transverse 
"yslem and tightly wired and spiked to it as shown in the marginal sketch. 

l In the larger ends of 
these longitudinal weav- 
ing poles a third set 
similar to the first was 
laid transversely, and all 
three firmly spiked ami 
wired together, tlttis 
forming a mat head or 
cross selvedge for the 
WOVPfl mat which kept it 
i'om unravelling and acted as a strong fastening in sinking, etc. 

Before commencing to weave the mattress this upper frame or head was 

"welted to the mooring barge liy 1-inch lines, Willow l>ni.-li was ihen woven 

W and under lite longitudinal pule-, the finish being about 80 feet long and 
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3 inches thick at the butt. The weaving was accomplished by placing the brush 
over one pole ami under the next, over the next, and so oh tin til its end was 
reached, when it was forced down the runs and poles until the transverse poles or 
head was reached, to which it was made to fit tightly by means oi' maids. This 
operation was earned on all along the ways by different gangs of men and rejrt it- 
cd until the 30 feat of poles or one shil'l was nearly lilted with woven brash, only 
space enough being left on which to spike and wire other [totes, thus making a 
continuous wooden thread on which to continue the weaving. Every 100 feet 
transverse po)(?S similar to those at the head were placed across the mat to give it 
strength and longitudinal polos 12 feet apart were bonnd to ii on top, forming 
cribs to keep the rock from lulling off when souk no a steep sub-a<picoti» 
dope, 

*' When one -hilt was woven it uovtuvd the entire ways and in order to con- 
tinue ihc weaving it was neressiry to remove this. To do so the lines holding 
the ways to the mooring barge were slackened and the ways moved down stream 
from under the mats, tite movement being produced by the force of the current, 
They were moved just the length of a weaving pole I'm- each shift until the end 
of the mattress was reached, when a strong frame selvedge similar to the head 
was constructed, and the last shift launched into the river. The floating mattress 
was held at flic upper end b\ lines to the shore and to the mooring barge and on 
shore side by lines leading to dead men or trees, 

" These matt resse> were nlioul 100 ft, long by 114 ft. wide, the method of 

sinking being very similar to that employed lor tin- earlier designs, 

" After each uiattivs.- was sunk, sharpened piles 40 ft. long and 15 in. in 
diameter were driven through the shore side to keep it from eliding out into deep 
water where the slope was abrupt. 

"After the subaqueous slope had beim covered in this manner, the appei 
kink was graded with shovels, but this proving very slow and expensive, sluice 
^radiny was attempted with fair success. 

'* After grading the hank continuous linos of [>olest JJc ft, long by 5 in. in 
diameter, well wired and spiked together, were laid on it parallel with the top, the 
row- being U) to 12 ft. apart. On tlresit transverse poles were spiked and wired 
together in the same manner in row- reaching from tin- top to the bottom of the 
slope, and wired at inier>eeiions with tin- others. I' poti this frame willow- ^t) to 
30 ft. long and t to 8-in. ;i t the large end wer* laid witb the hiitts up hill, the 
bushy or leafy pari of the lop being covered by the bulls of those below. On 
the brush were placed linos of hmoinidinal poles directly over those in the bottom 
frame and fastened to them by No, is wire," 

If the upper revetment did not overlap the niatlrcss, a eonuceliiig mat was 
built to make the protection continuous from top of the bank to the river bed. 
Over the upper bank revetment sufficient rock was placed just to cover the brush 
Including towing, grading mid other pxpeoses the cost per lineal foot of the 
revetment was about ftll 00. 
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In 1883 work proceeded without much change of construction. 
Electric lights \iviv introduced for night work. An entire floating 
plant specially designed for revetment construction was employed. 
Win.- shore fastenings were substituted for Manila ropes- Iron rods 
with welded eyes at each end were placed alongside the weaving' pole. 
the ends being connected by lap rings, and at en-tain localities twisted 
wire Cables were placed longitudinally and secured at intervals to the 
weaving poles. Hydraulic grading eosi about 8 cts. per cubic vard 
01 material removed. 

Atone place a detachable mat tress head was tried instead of a 
mooring barge. It consisted of a braced frame of wood to which the 
mattress was fastened by lines which were released after sinking by a 
lever and trips. 

Though one mattress \i)'2 feet wide and 1,21)1) feet long was sunk 
with this head, it was not generally adopted, the old method of raoor- 
'Hg barges being preferred. 

Tu 1884 the mattresses were made stronger by weaving around 
only two poles ami securing the tails by binding poles wired down to 
tlie weavers, and also by introducing half-inch Iron rods and wire 
ropes, both longitudinally and transversely. On the upper hanks wire 
Popes were also used and more stone, while the subaqueous mattress 
Was prevented from sliding up the hank on a rising stage by a row 
of piles driven about 5 feet below the low water contour 

By L8&5 experience had demonstrated the necessity for strength 
Suing the revetment to (it it to withstand the continuous force of the 
current and prevent sloughing of the hank. The mattresses were 
lengthened all through, wire and Manila ropes being used freely 
With this object, and several devices were tried to prevent sloughing 
°f the upper hank. .Mention is made of' one place where a trench, !)0 
feet long, 4 feet wide at bottom and 16 feet deep, was excavated and 
Penned G feet with rock, with great benefit. 

lu 1887 the cost of hank revetment had reached £25 per running 
foot 

In 1888 the mattress work at Plumb Point was 200 feet wide, 

Wpper banks were graded to a more gentle slope, brush was omitted 

r, "n the upper hank, and in its place stone pitching or paving was 

n, d on the bare ground to a thickness of 10 inches In this year, 

8 *8, i.oim feet length of continuous revetment was placed in Hopefield 
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Bend of total width of 335 feet, the subaqueous mat being 19G i'vet 
wide, and the upper bank revetment on a 3 to 1 slope being 13S> 
feet wide. 

In 1889 steel cables were used for the first time with shackles or 
toggles as headlines in place of Manila ropes. The latter required 
constant adjusting to maintain an equal pressure, whereas the steel 
cable can be placed at once and the strain distributed between the 
headlines without difficulty. Cast-iron cavels on the mooring barges 
were substituted for wooden. Bank slopes were flattened as the 
simple remedy against sloughing, and in some cases 8 OX 10 feet of the 
crest of the bank was left vertical, as it was found little craving 
occurred there if the lower part was protected! 

About this time it was found that when the upper bank had been 
Omission of owttrem previously revetted with willow and brush ballasted, 
ntwvc water level. the willow.s above low water line rotted out after a 
few years, and it was therefore decided to dispense with the willow 
work altogether on the upper bank and generally to protect it 
merely with stone carefully laid on the sloped bank. When the 
willows are constantly submerged this deterioration does not Occur, 
the only damage they are exposed to being that due to running 
water. 

Before proceeding further with the history of the development 
made in bank revetment reference may be made to the Mississippi 
Commission's report for 1891, which gives as an appendix a paper by 
Mr. A. (t. Nolty, describing in detail the approved methods followed 
in the construction of standard bank protection in ikdo. It shows 
well the stage readied at this date, and is a full description yf the 
method of manufacture of woven mattresses ; and though such are 
not now being used on the Lower Mississippi, "fascine" mat- 
tresses being considered preferable, they are still approved and used 
by some of the engineers of the higher river. Quotations from 
this description with interpolations by Mr. Coppee will therefore 
be given. 

After grading and clearing of snags, an abutment of <5 piles 

sri.n.kir.) Cr.iTUnm.iis braced together is constructed on the low water 

■•«»«* ""•»»- line against which the inside edge of (he mooring 

l«irm?s mv to rest, BaloW this aim hum! ami iUotUf 1 ln h W**° 

line single piles arc driven LOO feet apart to keep the mattress 
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wluln under construction over the zero line during fluctuation of 
the stage ; the tops of these piles are cut off after sinking the 
mattress. 

" While the abutment is being constructed, two mooring barges lashed end to 
end are placed alongside of the bank above the abutment. Ontside of these 
barges, parallel with them ami with the ways touching the gunwale, is placed the 
mattress or weaving barge." 

The headlines connecting the mooring barge* with " dead men " on the bank 
consist of wire cables, the up-stream one t| in. in diameter, the next two 
K in. ami last three I in. in diameter, (Sn sketch opposite copied from 
Mr. Cojjpee.) These rabies have an eve spliced in one otnl for fastening them to 
(ale oavel of the barge, On the upstream edge of the latter the timber heads have 
iron bands forming eyes rhrougli which tie* eve of the cable is fastened by a 
IJr in. iron bolt. 

While the mooring lines are being run the head of the mattress is under 
construction. 

k " Hardwood |>o!es as large as can be conveniently handled are laid in two lines 
on the ways over and parallel to the inner gunwale. These poles lap each other 
l (t t,> 1,1 ft,, the two lines breaking joint. Where they lap they are spiked 
together with KJ in. spikes every 2 ft. and also lied together with No. 12 
galvanised wire at intervals of lU ft. except at the laps where two ties are 
made. This line of poles is equal in length to the width of the mattress." 

Upon these poles, at intervals of about 7A ft. nnd at right angles to them, 
the butt ends of the weaving poles are securely fastened with two spikes and a 
lashing ( ,f wire, FJpon these latter another set of poles similar and parallel to 
the tirst are placed, spiked and wired, and the whole heed thus formed securely 
fastened with wire, 

" The weaving poles are live willow or cotton wood brush, reasonably straight, 
* hi 6 in. in diameter at the butt and from 2."i to HO ft. long. 

"To facilitate weaving, all knots are trimmed off. A cable made of 8 strands 
ot No, 12 wire is Fastened around the head of the mat at overy third weaving 
I'ole and run alongside of it. being fastened thereto by two staples. These 
Gables are 24 I't. long with an eve in one end, to which after each shift of the 
"iat, a new length is looped in weaving. Ten continuous cables are thus formed 
m the mat, greatly strengthening it longitudinally." 

While the head is being formed the mattress headlines are being run out. 
ftnd when it is finished, they are fastened to it. These lines are five in number, 
frying from 1,1 in, in diameter to $ inch. They lead from shore fastenings as 
ni the e^e. of the mooring lines and pass under the mooring barges, being 
,a *ten«d to the mat head loop by a pin shackle. The mat head loop is made of 
~ "'• Manila rope fastened to the head and running back into the mat about 25 ft. 

"The brush used for weaving is live willow of any length above 2a I't. 
fmd from 2 in. to 4 in. at the butt. 
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"A full complement of men for a 200 ft. wide mat is 54, under a foreman 
divided ink) throe equal gang-. Eueh gang consists of five men on brush barge, 
twelve men in weaving party and one man on mat mauling brush tightly into 
place us the weavers push it down. Bash gang builds one-third the width of 
the mat, 

"Tho brush barge is phiuod outside (below) the mattress barge about 
midway between the two ends, and n barge loaded with poles is hung to each of 
said ends. 

-A coil of i-in, rope is placed on each end of the mat barge and tin- free 
end tautened 'o a ttuiharhaid on the mooring barge. Tho skids on the ways are 
well slushed with axle grease Or tallow to reduce the friction in weaving and 
launching, tn a 2H0 ft. wide mat "27 weaving poles are used. In weaving they 
aro close to the skids and at the upper end rest in brackets bolted to the upright 
posts on the mattress barge. 

,£ The brush is passed from the brush barges to the weavers who work in 
pairs, and is woven by them into tin- mattress. The butts are placed over one 
weaving pole and 2 ft, beyond, being woven at the other end over the next pole, 
under the third, over the fourth, and so on, the light ends being always left on 
top. 1 * 

A strip ft, in width is thus woven. Iti the nest 5 ft. the butt is reversed, 
the butts changing direction every *t ft. When the mattress is woven to within 
i ft. of the end of the poles, giving about 22 ft, length of mattress, it U swung 
into position with the accompanying barges. 

The entire floating plant is swung On two lines ; a 2-in. Manila rope on the 
outside and an H in. rope on the inside of the mooring barges. The head- 
lines on the liarge> and mattress are Blackened until the barges lake up their 
proper position normal io the shore with their inside edge butting on the pile 
abutment, 

-Tin' -lack in I tie mooring barge cables is now token in from the bank and 
the strain equalized. They lire then fastened permanently with elamps, the 
mattress headlines being treated in the game manner. " 

To prevent the mattress sliding too far when launching, Manila lines are 
fastened equidistant on lie* mat and pass underneath it to eavels on the ways. 

"The slip lines are ljin. Manila rope about IjJ/i ft, long, there being lo 
to a 200 ft. mat. Each has an eye large enough to pass over a timber head. 
This eye is place 1 over one of a line of timber heads mi down stream edge 0« 
mooring barge, the free end being passed rind ft F the head of the mat and up 
again on its down stream side, and then hauled taut and fastened on the timber 

head. The mattress head is tints hung in IK slings " 

" When one entire shift ''about 22 ft.) is launched, a new set of Weaving 
poles is spliced to the projecting ends of the first set, the butts of this set being 
spliced to the tops of the preceding one after having been pushed into tho mat 
about H ft., thoi m:iking a lap of 1 ft. Two S-in. spikes and two wire lashing* 
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are used to fasten each splice. This is continued as described bo within 2 ft. of 
•"I i <>f the second set of poles, when another latraeh is made, and so on." 

*' As soon as three shifts of mats are launched, the construction of a top 
grillage or framework is began, consisting of a line of poles laid over the 
weaving poles and parallel thereto, lapping each other, butts to tops from 6 to 
* ft, ana wired to the weaving poles even- 4 ft, by lashings '2 ft. long, made 
of two strands of Xo. 10 wire ; transverse poles 8 ft. apart for the first 1(10 ft., 
iiinl thereafter If) ft. apart, are placed b similar manner and fastened to the 
longitudinal ones at the intersections by 2 ft. lashings made of four strands of 
N'o. 12 wire. This grillage is Cor the purpose of forming cribs to retain the 

stone on steep slopes. It also strengthens the mattress " 

" Tile construction of the shore mat which is expected to progress with the 
river mat U carried on by a gang of from 30 to 40 men. The space to be 
spanned in building the shore mat varies with the stage of water from to 
»0 (V. [b its construction a -mall rial boat i- generally used from which to work. 
Hardwood poles of the size of the weaving poles are lashed to the river mattress 
willi three Xo. 1*2 wire lashings ■; ft, long, and spiked with two 8-in. spikes, 
Willow poles ure spliced to these until thev reach np the slope about 40 ft. 
Alongside and fastened to each of the hardwood poles (the first, set of transverse 
poles along the inner edge of the mattress) is a cable made of t> strands of No. 10 
wire, one end of which is fastened to two of the adjacent weaving poles and the 
other in ihe willow poles eictended on the slope. Upon the transverse poles are 
laid longitudinally willow or Cottonwood pole-; JH ft. apart beginning with the 
h'r-t gel abotlt 4 ft. from the edge of ific mat. The latter poles are wired to the 
wraor at their intersections with lashings of No. \'2 wire 2 ft. long. The longi- 
'udinal poles arc carried on lines * ft, apart, up to the top of the slope, and on the 
lower side H ft. apart are driven stakes ->h ft. above the ground, to the top of 
Wliifth U fastened loosely a lashing of wire whose bight has been first passed 
Under the pole. These stakes are used down to the pole nearest the water edge. 

' I" 11 ' this fn work is In I, I willow brush diagonally with the butts toward the 

top of i be slopes and breaking joint throughout, except at the top of the slope. 
A second layer of brush is laid upon the first in the opposite direction, butts 
Pointing to top of slope and breaking joint, the direction of each layer making u 
right angle with the other. On lop of these layers of brush a second pole framo- 

• v "rk fastened in the s e manner a* the first i' placed and fastened down firmly 

'■>' the lashings tied lo the stakes. As fast as the river and shore work is finished, 
transverse cables made of H strands of No, 10 wire and o'O ft. long with an eve 
1,1 '"»ch end are run across 'he entire width of the mat every It) ft., carried to 
ta * 'op of || 1( , ',,,,,1^ !, ;) ,)|,, ( [ r . mt , ltl ,[ fastened to trees, stumps or dead men. They 
fl| '«' also fastened to the mat every hi ft. with wire lashings." 

Whan KM! or 500 ft. of river maltress is made, longitudinal cables are run 
™t troin the mooring barge, one g in. cable close to the outer edge of the mat, 
!l ""ther about 30 ft. inside ..f the Brst, the third 4 in. in diameter and 37 ft. 
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from i.l[i> s«cond, ;i fourth dI i In- siinii' dimension!) otS ft. inside of the third, and 
tin- fifth and last jj in. in diameter and 42 ft. from the fourth, or 15 ft. from 

1 he inner edge of the unit tress. All are fastened to the mattress every lit ft. 
perfectly taut throughout the mat, ami seen ret I to its heail ami foot when finished. 

The cables are mounted on reels, the outside, Of i in. one, being pJaee*l 
in position first. 

''The whole cable is reeled off, hut the inner end kept on tlie mooting barge 
where the reel is set up. After being rim down towards and close to the weaving 
barge, the spore cable is coiled down and tied for further extension. .lust above 
the eoil the cable is fastened to the mat with a wire lashing and a specially designed 
olamp. A tackle is then fastened to the free end and the cable hauled taut by 
ten men on the mooring barge. It is then fastened to the nut every Hi ft. with it 
clamp and lashing. The second J in. cable i- next ran out ami fastened, then 
follow the £ in. and $ in. cables in turn. As wearing progresses, the cable- 
are extended until the mat is finished, when the ends are securely fastened around 
the foot of the mat. After the cables are run* hauled taut and fastened to (lie 
head of the mat, all additional hauling is done from the lower end <.>( the mat." 

The mat is generally completed before being loaded, but when over 6(M ft. 
in length ballasting may begin when that length lias been woven. Ballasting i> 
accomplished by (placing a loaded barge outside of the mat, (hen cotton wood planfes. 
•21 ft. long, are laid from the barge lo the mat and continued across it. from 

2 to 4 of these runs are used, and 1(1 to L5 men employed on each. These men 
wheel out the stone in barrows and dump it along the transveri-.e piles, loading 
the entire floating mat until only the poles ate above water : being careful to load 
the SO ft. next to the hank heavier than the rest, When the lenfftb of the barge 
is ballasted across the mat, the barge is dropped one length and the planks changed 
to the new position. The shore work U nut halla-ied until tin- river ui:tt. i- sunk. 
except where stone is piled on the bank, in whieh ease tin- shore work as well lis 
part of the river mat can lie ballasted from the bank. 

'* As soon as the mattress is completed and ballasted, a loaded stone barge is 
brought, up to the mooring barge : a line is run from it- head In the shore capstan 
of the mooring barge and another from its lower end to the outer capstan. A man 
is stationed at each -lip line who obeys only the word of the general foreman. 
Stone is thrown on the head of the mattre-s, and as soon as the strain on the slip 
Hues is considerable, they are carefully slaoked for a short distance. The men at 
the inshore capstan begin to haul the head of the stone barge gradually over the 
submerged mat. The lower end is also gradually hauled up, the object being to 
bring the stone barge -ijuarely aeros- the mul ; stone being continually thrown 
over on the mat and the barge hauled over until tlii- i- accomplished. The hue 
from the down stream end of the barge is then ipiickty shifted to another capstan 
as the barge proceeds in shore," 

In the meantime another stone barge f* placed end on the one nearest the 
shore and lashed to it, formine. a line of barges just below the mooring barges. 
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parallel to them and floating over the head of the mat which is about 10 ft. below 
the surface, but kepi from sinking farther by the slip lines. 

" In the meantime one coil of 2-in. rope has been placed on the inner end 
of the Hrsl and one on the outer end of the second barge, and the end of each 
fastened to a timber head. A long 1-in. line also runs from the inner end of the first 
barge ashore, where u gang of men will be ready to haul the in shore end of the 
barge down stream should the water near the shore he without current. A steam 
tow boat now makes fast with one line to the outer end of the outside barge, A 
ma n U at each -lip line. A line of men is distributed along each edge of the 
stone barge.-. The men on shore have hold of the I -in. hauling line, the 
steamboat banging from and close to the outer edge of the stone barges, and lying 
With the OUT rent. The general foreman i- on the mooring barges watching the slip 
line men. and everything is in readiness for the final operation. 

"The general foreman now gives the word to throw the stone, and as >oon a- 
the slip lines show the reimSied strain, lie Orders the linesmen on the stone barges 
to slacken away. He then give- the word, and the slip lines are let go simultane- 
ously. The Bia1 settles quick))' at the head, and as the stone barges are dropped 
down sijuareiy over the body of tire mat. the -tone being rapidly thrown on to h, 
it also gradually settled to ihe bottom. When the required amount of stone is 
unloaded on the mattress, and it is securely on the bottom, the mattress headlines 
ai'e taken Up by a sailor gang bv hauling on the pin Hues that are loosely fastened 
on the mooring barges. These lines pull the pin- out of the shackles and set the 
cables free from the mat. The mooring barges are then allowed to swing 
b> the hank, and all tables are reeled up op 'heir drums, being first washed 
and oiled." 

'.tn a bank which is caving so rapidly thai the grading cannot he accomplished 
hefore the mattress is huilt. a font mattress is constructed joining the main mattress 
with the batik ; the upper hank work being deferred until the main mattress is sunk. 

"The Abstinent and main mattress are constructed as described, except that 
*he hardwood poles along the inner edge are omitted, and only the regular top 
grillage is hud, After the mattress is sunk the bank is graded and the shore work 
"•id down to the water edge. A connection or foot mat is then made to connect 
Mi" shore work with the submerged river mat as follows :-- 

" The weaving bat£e i- brought tip alongside and parallel to the bank, with 
lts upstream end over the head of the nial, and a mattress huilt like the river 
Huntress except that it has a lighter head and no mooring barges are used. 
MlHtead of the hea\;\ wire cable, wire strand is run from the head up to the top of 
l ''e bank and fastened there. i inch cables are used for every t< in ft. of mattress, 
I WO or three cables are abo run from the upstream edge of mat to shore to prevent 
•he current from taking it down stream. The head of the mat when launched off 
Vvi " hip | <„• ;, f ti uVer ,]„. ,.| hir ,. „ or |^ < 'IV, launch a shift the barge is sparred 
ftWay tY om the bank. When completed and sunk the loot mal hips over the river 
°W also 5 ft." 
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In the earlier days grading uf the slopes of the hank was (lone 
with shovels, then sluice grading was tried, but 
this soon developed into hydraulic grading with 
specially designed graders. 

Sluice Grading. — A trench was excavated down the slope to the 
proper grade, then a wooden trough was placed in it, and the material 
excavated was thrown into the trough and washed down by a stream 
of water supplied through a hose from a water-jet pile driver moored 
alongside. 

JJydrwdic Graders. — These graders, consisting of a pumping 
plant carried on a suitable barge, were specially designed with 
powerful pumps, capable of discharging as much as ii,()00 gallons per 
minute under a pressure of I(j0 lbs. with .steam pressure of 80 lbs. per 
square inch. The water is delivered through 4-in. hoses to nozzles 
which, at starting, are directed against the face of a previously made 
graded cut, and wash down the bank as the nozzles are moved forward, 

The coat of work done with hydraulic graders is quoted at from 
:; to 4 cents per cubic yard, and the quantity uf material moved by 
one grader at from 1,000 to 1,500 cubic yards per day. 

Surveys made in this and the previous year showed a deepening and 

deterioration at the outer or lower edge of the mat- 
)tti nk Revetment, ikm. ° . 

tress. In some eases the mat adjusted itself. In 

others the test was too severe and faults occurred. The Commission 

therefore decided to further strengthen the mattress to make the outer 

edge more flexible, &e., resulting in the adoption of the •■fascine' 

mattress, after experiments had been made in the construction of two 

types. One had fascines placed normal lo tin- hank, and the other 

the fascines parallel to it. The former type Was finally adopted and 

is now in general use on the Lower Mississippi. 

The annexed plates of photographs of n mal in process of construc- 
tion, taken during an inspection bv the writer in December last, 
illustrate well the difficulty of situation and magnitude of the proteo 
tion works undertaken so gu issfully by the Mississippi Engineers. 

Tlie following description written by Captain Roessler, tj. S. 
Purine Hnttiws Corps of Engineers, the officer in charge of the 

■"■ '" first and second districts al thai time (see Chief 

of Engineer's report, 1894), gives clearly the methods of cons! ruction 
then followed and still generally adhered to at the present time. 




Caving- Bank, Caruthersville, Mo. Mat plant in distance. Dec. JS^S. 
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Nearer View of same Plant, looking- Downstream. 




Mat Plant. Constructinsr Mat for Caruthersville, Mo. Dikes. Dec. J 895. 




Caving Bank near Caruthersville, Mo. Mat Plant and part of Mat for foundation of Dike. Dec. 1898. 
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" The plant required consisted of one <ei of mooring barges, one set of 
barges with inclined ways and wie set ot" fascine barges. 

"Tin 1 barges of each set. when placed eml to end, had a length equal to or 
greater than the width of the mattress to be constructed The mooring barges 
were of the same construction heretofore used with the woven type of mattress, 
and were moored across the current in the same way. The mattress barges were 
also the same as heretofore used with the following additions : Underneath the 
platform were placed a number of cable drains, one under each inclined way or 
skill, on which was wound and from which was payed out. as the construction of 
the mattress progressed, the steel wire strand which constituted the longitudinal 
Strength of the mattress, and to which the fa-rite'- were attached or woven by 
the method to In' htMvufti'i* de-cribed. The distance between tin- drums was 
N or it ft, according to tin* particular barge used. At the highest point 
of each way an iron sheave was placed, over which was passed the strand 
from the corresponding drum. The drums wen* all provided with friction brakes 
by which a uniform tension was kept on the strands while the mat was in process 
ot construction. The fascine barges were ordinary square end decked barges 
on which were erected temporary plat Conns tht- same level a* the platforms of the 
mattress ways. These barges were put end to end and lashed para lie) to and close 
''p to the down stream side of Hi" mat way-. On the -ide of the platform 
nearest the mat ways were erected the ' formers ' in which the brush was laid, com- 
Kessed, and bound into fascines. 

'" Cou.it /■/"•f/'ii/i nf MitltiYitf. — file mooring barges being properly moored in 
position across the currant, the mattress ways, to which had been lashed tfie fascine 
barges, were brought in position on the down stream side and secured lo the 
mooring barges by three lines, one at the centre and one at each end. The tirst 
s tep was to construct the mat head. This consists of a bundle of poles ii to 
** It. in diameter, well bound together by wire strand so as to form a beam of 
great strength, of some rigidity and having also considerable flexibility, The 
poles were of hardwood ,*, to M in. ill diameter at the butt, and laid so as to break 
,l ( >mi. with each oilier. The beam is a- long as the mat is wide mid forms the 
connecting link between the mooring cable-, and the mattress. It was moored lo 
"ie bank by steel wire cable-, independent, of the moorings of the mooring barges, 
''be number of cables used depended oil the width of the mat and strength of the 
''iii'ivm. Night cables hate been used for a mat 801) ft. wide. They are spaced al 
'""qua I interval-}, bsijig closes! together near the out-stream end where the 
Current is strongest, and furthest apart toward- the shore where the current is 
*«re moderate. At eauh point whore the cable i- to be attached u heavy Manila 
''"I"' doubled is wound round the mat head a- indicated in the sketch annexed," 

" Its I the ealde's) free ends are pas-ed over the mat and attached to ;i second 
11,111 smaller mat head constructed in the mattress In ti. from the head of the 
"■al-tress, ['|„. ut | lm . ,,,„[ „(- ,|„, ,.,,| M . i- ronuerted by an ordinary shackle lo one 
' !ll d of its mooriii"- cable, tin' other end of the cable being then passed underneath 
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the mooring bargee to its. anchorage on the bank. Ike wiry strands from drums 
mi the mattress ways art' jias-ed over their proper sheaves ami wound around and 
secured to the mat head. The weaving strands, which arc £ in. steal strand and for 
convenience cat into lengths of about 50 ft., are also attached to the mat bead, 

one for each of the longitudinal strands upon which the fascines are woven. 

" For tile construction of the fascines and the mattress the labour is divided 
into three gangs, one to hand the brush down from the barges, the second to 
carry the brush to the formers ami to construct the fascines, the third to weave 
the fascines into the mat. 

"The second party receiving the brush from the first party carries it in 
and distributes it in the ' formers." The hrush is put in two layers, one 
with the tops in one direction, and the other with the tops in the opposite 
direction, care being taken to break joints as far as possible and especially 
to prevent two butts from overlapping . Enough brush is pot in to make a 
fascine 1(1 to I'i in. in diameter. It is (hen choked every 8 ft. and hound 
into a fascine by Xo, l'£ steel wire. The chokers consists of iron chains of 
suitable length and strength, [laving one end secured to one si,l,. u f the 
former. Each chain is brought over the brush and a lever inserted through 
si ring in the free end and borne down upon by the weight of one or two 
men, compressing the faseine while it is being wound with wire. The third 
party assisted by the second party raise the fascine out of the formers, slide 
it along the skids which connect the former with the top of the mattress win?, and 
down the latter to its position in the mattress next to the mat bend. The 
weaving strand is then passed over the fascine down underneath it, and up 
between the fascine and mat head, crossing at the same time the bottom 
longitudinal strand, it is then put into a ' haven clamp 1 and drawn as taut 
as four to six men can do it with double block ami tackle. The strand i- 
temporarily stapled to a pole of the licit head, The second fascine being in 
place, the Weaving strand is [passed over the first and second fascine down 
underneath the second, and tip between the first and second, at the same time 
Grossing the bottom longitudinal strand as before. It i- again attached to the 
damp and drawn lain as before by block and tackle and temporarily stapled to )■ 

pi of brush in the first fascine. When the strain is first put on the strain I. 

a tap on the pule of the mat head "to which it lias been temporarily 
stapled is sufficient In dislodge the staple and allow I he strand to completely 
encircle the first fascine. Details of the method of Weaving are shown on the 

sketch. When the ways have I n lilled, the mattress is launched in MM 

usual manner and the construction continued. The tenth fascine is made 
of hardwood brush or poles, and to il are attached the free ends til l' 1 '' 
large Manila rope- which arc wound around the mat head. The weaving 
and bottom strands are clamped foiieiher l>s a cable clamp even W »•*• 
and at points intermediate between the clamps both strand- are stapi'-' 11 
to the brush to prevent the fascine? from separating in the process of weaving 
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"On top of the mattress thus constructed are placed rows of poles lti ft. 
ajjftpf extending up and down -(ream. They arc lashed to the fascines bj No. 7 
silicon bronze wire every 5 ft. ami ai intermediate points by strong steel wire 
lathings. The object of tin* rows of poles is twofold ; first, they prevent the 
stone from slipping oft' the mat when it is sunk on a steep slope ; and second, by 
being las lied to the body of the mattress by non-corrosive wire they prevent the 
(replacement of the brash after the Steel wire weaving strand and other corro- 
sive connections shall have rusted away, 

" At the nut stream edge of the mats the poles are cribbed tip two-deep to 
better insure against the tipping of the stone when tint mat is sunk or when it is 
subsequently undermined by scour at its edge. 

■" With a mattress of this type 300 ft. wide the maximum amount built in a 
day was L6U ft. with m H\\ days' labour. The ballasting and sinking of these 
mats is performed in a similar manner to that employed in the woven type. In 
ballasting it is necessary to do the work rapidly and sink the mattress immediately 
afterward. This precaution is mail" necessary by the great compactness of the 
brush fascines and the rapidity With which they accumulate sediment after thev 
have been pressed under water by the ballast. So rapidly iio they accumulate 
sediment that if there i- any considerable delay in ballasting, portions of the 
mattress on which the ballast mat be a little excessive may be carried below the 
surface of the water by the weight of the accumulated deposit before it is ready 
for sinking. 

" Brush not exceeding '& in, in diameter at the butt, makes a fascine of 
uniform strength, thickness ami compactness. 

" One-half and ,V "i. strands are used for the bottom longitudinal strands, 
the i in. si/e being used ;tt the channel edge of the mat where the current Is 
greatest, and the ,^ inch nearer the shore. 

"Smaller strands than these were used in a few of the mats when the supply 
"I the larger strand- fell short : hat in such cases additional longitudinal strands 
were stretched over the lop of the mat after it was completed, and clamped at 
intervals of HI ft. to the weaving strand in the same manner as the latter was 
''lamped to the bottom longitudinal cable. The j inch strand is used exclusively 
for weaving. Two forms „)' clamps have been used, the f'roshy and a home-made 
"lamp. Various forms of Staples have been used, A staple of the fence-wire 
'Vpe, ]| in. by ,-V in,, made of- No. \) wire, is a good, cheap and suitable form. 

"The oblique position of the mattress head cables to the head of the mattress 
"i the form of construction just described, exerts a strong shore thrust on the 
mat head in the process of sinking. This thru-t is taken up by the strong mat 
'""id and the mat itself, which together have the requisite rigidity to withstand 
*he thrust without danger of doubling up." 

The work done in 1893-94, including reaches over 2,000 ft, in 
kngfch, consisted uf a continuous mat tress 250 to 300 ft. wide, an 
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auxiliary connecting mattress and shore paving of 4 fco 6 indies of 
spalls overlaid by 0-mehes of stone extending up the bank fco about two- 
thirds stage. The cost varied from *-J0 to *30 a lineal foot of bank. 

With <t gang of 250 men a good day's work is said to have 
been from 120 to 150 feet length of mattress. The eoat of the work 
depends on the difficulty of situation, the lead of materials, and the 
experience of the laborers in this description of work. 

The following is a statement showing distribution of the materials 
used at ffopefield Bend in 1893-94 : 
River mattress, 310 ft. broad — 

Braeli V.6S9 conh per WO tx], Ft. 

Poles 0-D53 

Stone 0-825 ton 

Steel wire 4-86J H>- 

Popper win* l>'54l! „ 

Wire strand 10*985 

Olamps 1*"> ,. „ 

The cost was s ; V!>4 per 100 s((. |'i. of mat, or of hank covered was 
|6'07 per' 1 00 s<|. ft. 

Connecting mattress — 

Brash 2-355 cordfl per 100 kj. It. 

Poles 0-123 

Stone 0*fi(S tt/a 

The cost was $6'987 per LOO sq. ft. 

The upper bank revetment of stone cost $9'20 per lno eq. ft, 

'fhe rate of the whole work was $31 '52 per running foot of bank. 

Mr. Coppee remarks: "AH the recent surveys of the revetted 

reaches tend to prove thai when the bank is protected, no matter 

how strong the revel meat, the channel is deepened just outside ol 

the stiVi-ai|ueous work, and under its outside edge causing it to take 

a steep grade. If the matt less is built with sufficient flexibility, 
strength and compactness, the ultimate result will be the steepening 
of the sub-aqueous slope without destroying the efficiency ol the 
work." Therefore, as lie [joints out elsewhere, " the foot of the 
mattress should always reach beyond the greatest depth of the inshore 
thalweg, if possible within specified limits of economical practice.' 

In 1894 nearly all mattresses constructed in the first, second 
and third districts were of the fascine type, which was thereafter 
reeo.mized as the standard. While more expensive than the woven 
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type, it is claimed it can he constructed with much greater facility 
and as nuieh as from t50 to L80 feet length can be built in one day 

under favourable circumstances. 

Mr, Xnlty, Assistant Engineer, who has had great experience in 
Advantages ot tha this class of work, says: " The great advantages 

famine type. fa Q fascine type has ave : its density which prevents 

undermining; its flexibility which allows it to accommodate itself 
without rupture to the inequalities of the bottom, and to generally 
follow any cutting away under its outer edge with the result of finally 
checking this undermining ; and its great strength which makes it much 
less liable to rupture while sinking." 

One of the most extensive pieces of bank protection constructed 
in 18i)5-!>0 was 10, inn lineal feet of revetment on the Lake Provi- 
dence reach. The mats were of the fascine type and were made on 
old style woven mat barges adapted for the construction of fascine 
mats by attaching a yoke or former to each skid. When the yokes 
were rilled with sufficient brush to form the fascine the brush was 
loosely bound by wires and slid down the ways. It was then tightly 
bound together with sewing cables which were hauled taut by block 
and tackle on the mat in the usual manner. An arrangement of 
brakes, which operated by a foot piece through the platform on a series 
of levers clamped to the reels on which the wire strand was wound, 
kept an even tension on the under mat cables, 

The upper bank revetment was reduced in thickness from 10 
inches at water level to inches at top. The total cost of one season's 
work was $[03,104 on a length of 5,550 feet, giving a rate per running 
foot of S30-44. The mats were 300 feet wide. 

The materials used on this work averaged per 1 Oil square feet as 
under : 

Stout; ... en. yds. 0-8-2 Galvanized wire No. 12 

Brush ... cord* 1'4 1 Silicon bronze wire 

Poles Q*G5 Spikes 

£ in. wire strand ... His. [•;',[* Muonolia clips ^ 

,'',, in. wire strand ... ,. VIA < 'aide clamps fy 

i 5 ,r hi. wire strand ... „ ±A-2 Staples 

\ in. wire strand i'o;i 

['.Mil 10 



lbs. 


H'40 


51 


0-06 


U 


•Oil 


No. 


■79 


lbs 


•o< 


1< 


25 
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111 dealing with batik protection and contraction works in 1896 
tin.' Commission traced llu> development of bank 

Lxprosseil conclusions . ■ 

of ehc Mississippi River revetment, they explained why its progress had 

Cum mission in loiHJ. - , ' . . . , '" . , . , 

been alow, ami recorded definite opinions and 
conclusions on certain points of great importance in the consideration 
of this subject. Quotations (Voni their report for 1H!)(> are given 
below : — 

"In the preceding reports of the Commission, aeenutits have been 
given in greater or less detail from year to year of the construction, 
cost, and subsequent history of the various works for hank protection 
and channel contraction in the bed of the river, which have been hniit 
under the recommendation of the Commission. One important result 
of experience in respect to these two kinds of channel work lias been to 
emphasize more and more the relative importance of hank protection 
as compared with works for contracting fchfi channel way by the 
upbuilding of new hanks. It is now considered settled that in a 
plan for the permanent improvement of the channel by the contrac- 
tion of its low water width, the work of* hank protection should 
precede the permeable dikes anil other structures of that class, 
and that the latter may he regarded as supplementary in function 
nnd as necessary only in a minority of cases. For several years 
past the amounts expended on such works have been relatively 

small 

"A point has been reached now at which some important facts 
can be definitely stated. While it is not possible to say that the form 
of bank protection employed in the last works (if that kind constructed 
is incapable of improvement, it is undoubtedly much superior to that 
done in the earlier history of the work, and QO promise of advantage 
by further change appears at tins time. The work done at Lake 
Providence Landing within the last two years . . . is an example of 
the work here referred to. Its distinguishing characteristic is tin' 
fascine mattress constructed of very small flexible poles and brush 
made up first into long bundles and then woven with a wire warp WvO 
mats 300 feet wide and as long as may he desirable up to 1,200 feet and 
upward. Willi this form of mattress, sunk and secured by the methods 
now employed, ami sufficiently heavy upper hank rip-rap it is believed 
to be possible to hold any caving bank on the river, barring 
extraordinary accidents or mishaps. But it costs in round numbers 
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$30 per running font of bank protected, which is 2^ times the cost 
originally estimated by the Commission. 

'' In situations whore large interests depend upon holding a 
comparatively short line of bank as at city harbours, points where 
Cttt-offs are threatened, or levees of exceptional importance are liable 
to be breached by. caving, the efficiency of bank protection at a cost 
not incommensurate with the interests involved is a demonstrated 
fact." 

Then, utter touching "n the difficulty of procuring sufficient 
willows fur extensive mattress revetment of the recognized standard 
type anil mention of the applicability of submerged spur dikes 
to the lower readies of the river, they stated that it gradually 
became rccogrdzed several years back " that it was not possible by any 
or all of the methods which had been employed to accomplish 
Mich permanent improvement of the river from Cairo down as was 
necessary to meet the urgent demands o\' commerce within any 
reasonable time to come." It was this "disagreeable but unavoidable 
'•on,. hision " together with the wonderful development of the hydraulic 
dredge which led the Commission to undertake experiments in the 
dredging of the low water bars to meet the necessities of commerce. 
And the success of these experiments has been such that bank 
revetment is confined at the present time to the maintenance of 
previously constructed lengths, to holding banks in front of important 
levues, to preventing threatened cut-offs, and to the protection of 
harbour and city fronts. 

The above notes and extracts nive a fairlv correct idea of the 
methods of construction followed at the present 

''' "' Vr: '" U '"'- time. There 'has been but little change since the 

adoption of the fascine type known as the standard, except in minor 
details of construction. 

The laseine formers are now placed on the mattress barge. The 
atone revetment is carried. Up to about two-thirds stage of the river. 
'Hie top of the bank above the stone revetment is left ungraded. 
The graded slope is protected with stone, rock up to one man size 
being thrown or carelessly packed on :? to 4 indies of spawls. 
The slope is not "pitched" to an even surface by laying the 
Stona in courses, as this would merely tend to prevent its set- 
"emo.Ht as the earth is washed out underneath. The bank 
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protection used on the Canadian canals is. of a very similar character, 
though of greater thickness to withstand the back wave wash to 
which it is there exposed. 

Finally, it may be again observed that the important principle 
involved in this method of hank protection is the prevention of scour 
of the sub-aqueous slop-, the cutting and undermining of which is the 
cause of practically all caving, slipping or slumping of the upper 
slope or edge of the bank. The latter needs comparatively little 
protection against erosion during floods if the lower sub-aqueous slope 
is maintained and kept stable. 





River View, New Orleans. 



DISCONTINUOUS OK DETACHED REVETMENT. 

At New Orleans the shore line is much broken up by wharves 
and landing stages, and when) revetment was required it was not 
feasible to use the continuous mats; submerged dams or dikes known 
as submerged spur dikes were therefore Adopted in the early days of 
the Mississippi River Commission For the protection of the banks h, 
that neighbourhood- 

These spur dikes were placed normal to the bank at intervals of 
„ . . _ , ., from SOD to 1,5 DO feet. Since the commencement 

Stthmergftfl Spur Dikes. 

of their emist i in'tion in 1884-8. r >, it has been found 

necessary to supplement them at various times by placing intermediate 

spurs, until, at the present time, considerable lengths of banks are 

completely carpeted with this detached construction, (See Chief of 

Engineer's reports for late years.) 

The earlier spurs were I milt <>n a woven mattress foundation 
200 feet wide, extending into the stream about 350 feet from the low 
water contour. It was first sunk by means of rock enclosed in narrow 
<'Hb work, built alun.r tin- rd"e * «t" the mat. Then on this mattress, 
mi a line about 75 feet from its upstream edge, were sunk six wooden 
Cribs, the bottom one GO feet wide and the top one 1*2 feet Wide. The 
bottom one had a length of about 300 feet, while the lengths of the 
others were so arranged as to give the completed dike a top surface 
with slope of about 3 to I. 

The cribs were made of timber frames, connected with iron bolts 
and wooden pins and filled in with brush and rock, the rock being placed 
"i pockets left in the brush tilling for that purpose. The cost of each 
s l»ur dike was about $12,000. 

In 1887 spur dikes, 500 feet apart, were used to protect the city 
fronts of Memphis and Greenville, Mr. Coppee being in charge of 
■die latter. 

The cost of ten dikes at Greenville, including the upper bank 
revetment, at each, was $101,000. They protected about 5,000 feet 
Sllgth of bank, giving a cost of about $20 per font protected. 

At New Orleans the cribs were thickened to feet and the rock 
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pockets reduced to one-third the thickness, the cribs I icing loaded to as 
much as the lowering lines would stand before bring sunk. 

In the uext vear, 1888, it was found that the Greenville dikes 
required supplementing, and several hundred feet length of continu- 
ous revetment was laid between the dikes. 

At New Orleans the dikes built in 1884 were found in good con- 
dition. Au extension of the work built in this year required ;it one 
point tlio sinking of the mat in 150 feel of water. The cribs were 45(1 
feet hmg and the mattresses stiJi longer. The ways not being of »uffi- 
cient length, a supplementary mattress was built of (lie old pin and 
frame style and sunk outside the other. It was placed in 1 J3 feet of 
water, 300 feet from the shore, in a current of 5 feet per second ; being 
sunk in the usual manner with the assistanee of an extra ioweriny hanre 
and extra guide chains from anchors. Its cost was $!>*,>i; per 100 sip 
feet, and that of the woven river mats $6-39 per 100 ,sq. ft. The erib 
work cost 4 cents per cubic ft. Mr. Coppee says ; " This dike, when 
finished, was the largest submerged Spur ever const meted mi the 
Mississippi River, and probably in this country." 

The following description of the method of construction, taken 
from Mr, Coppee's account of the Greenville dikes built in 1889, 
" covers all the partly submerged spur types in use on the 
river." 

"The dikes consist of cribs made of poles and brush fastened by wire nml 

Hcinils of niiii! Rob.- spikes, boring pockets formed in them in which rock is 

-Lrm-tion. placed to -ink them, and having for a foundation a mattress 

woven and sunk in the usual manner. They arc placed normal to die hank line 

500 ft. apart, and extent! beyond die deepest water in channel next the shore, 

"The purpose they are expected to servo is the, protection of the hank 
immediately at the point they occupy, and die indirect prelection of the inter- 
mediate space* by deposits doe to the eddy and dead water formed by their 

position relative to the swift current of the river. 

"After an accurate hydrn<rraphieal survey of the locality to be improved, 
:t mattress, 2iM ft, long by 2W ft, wide, extending about 50 ft. beyond die deepest 
water, was constructed on floating ways of willow brush and poles, wire and 
spikes, and launched into the river us woven, After being fastened by eahle 
shackle lines to the shore above it was ballasted, and llicn sunk in the usual 
manner. 

"The mattress WftS the foundation for the main hody of the dike which was 
formed of cribs. The dimensions and general form of cribs were governed by 
the profile of the hank immediately at the point where tlie dike is located. The 
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dike under consideration contained bat two cribs, the lower one 2V2 ft. long by 
32 ft. wide and y i't, deep. The longitudinal axis of the cribs was 90 ft, below 
the upstream edge of the mattress* Tie dike was finished with as nearly a 
uniform surface as possible, having a slope of 4 to I from the river end to die 
top of the graded bank. The cribs were each right angular prisms in general 
form. Where 4 or ,"j were required, the top one was IGxH ft., the next 
32x8 ft., the next 48x*> ft. and so on, the hist one sometimes being constructed 
to conform to the irregularities of the bottom, but having a uniform top 
surface. 

"in constructing the crib a frame of poles and willows was laid on the 
Details of Crib Con- floating ways on which the mattress was constructed in 8 ft. 
Btrautiou. square* to the required length aud breadth. On this frame 

layers of brush, both longitudinal and transverse, were placed, and on these 
another frame similar to the first, then other layers of willows followed by ft 
frame, aud so on until the crib had attained a thickness of 3 ft. Then the frames 
and intermediate layers of brush were thoroughly sewn together with No, 12 
Wire and i) En, spikes, wire being [eft projecting far above the last Cranio to 
fasten the lower to the upper crib work. When the construction had reached 
this stage, the partly fim-died crib was launched from t.be mat barge and placed over 
the mattress on which it was to rest. It was then fastened by lines to the mooring 
barges which held it in place, and also connected with the shore by shackle lines 
leading well up the river. 

"At the intersection of the frame poles S ft apart, upright posts 1» ft, high 
were then securely fastened, and to these, as well as to the lower frame, the crib 
was built, pockets or compartments being formed in each 8 ft. square, of the shape 
of an inverted frustum of a pyramid, by dropping back one pole as each layer of 
brush was laid above the bottom 8 ft. foundation. When finished the crib was 
8 ft deep with pockets 8 i'L center to center about f> ft. deep, and each capable of 
holding about 3 cubic yards of loose rock. The whole crib was securely held 
together throughout with spikes, wire and 3 hich cables. 

"The process of sinking was practically the same as in the case of the 
niattress. After the crib was securely fastened to the bank by eables placed 
carefully over the mat in the desired position, and after being checked up well by 
slip lines to the mooring barges, rock was thrown into the pockets until they were 
filled. When the weight had considerably more than overcome the buoyancy of 
tho structure, the strain on (be lines being very great and the crib in a sinking 
wmdition, then the slip Hues were rendered slowly, care being taken to keep the 
■train uniform until the crib settled in its place on the mattress. 

"In the ease of the second crib, it was built 16 ft. narrower as before stated 
il »d sunk in the same maimer on top of the first one, thus forming a sill lb' ft. 
high, 

"After the mattress was constructed ami sunk and before the cribs were 
Parted, the portion of the bank above tho mat and water line was graded to a 
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slope of -1 to 1, preparatory to covering it with it revetment of willow and stone 
which was connected with the submerged mattress. 

"After completing the grading the revetment was laid; first, a framework 
of poles in 8 ft. squares, then two diagonal layers of brush placed on it, then 
another framework corresponding to that below ami the entire mass tied together 
securely with wire and spikes. On this si one was hud close enough to hide the 
brush. 

'■When the revetment was finished and the mattress and submerged cribs 
sunk, the upper end of the latter was joined to sin upper bank crib which carried 
the regular slope of the top surf;iec of the dike to its intersection with (he upper 
bank. 

'"This upper bank crib, though constructed on the ground, was in form similar 
to those made on the ways and formed but the continuation of the suh-a^ueous slope. 

"The total cost of the dike was : 



l'\>ul M:i1 

(.'rib No. 1 
Crib No. 2 
Revetment 
^liore Crib 



s;i,s;; ( Ni(j 

1699*00 

K 72-00 

3168*00 

93-00 



Total 



$9662"00 



DETAILED STATEMENT OT COST OF HIKE NO. 2, GREENVILLE, ISSU." 
Foundation Matttvu 290' x 890' cs 84,100 »g./t. 



Bl;iterirtt?>. 



Brash, conis 
Poles, oonls 
Ktone, tonfl 
Wiru, coils 
Cubic, coils 
Sj.ikes, ti*, kegs 
Spikes, B*, tegfl 
Staples, kegs 

Tot ill Materials 

Labor ttQUH 

Sailor hours 



Total labor 
(iit.\SD Total 



Amount, 



,*>-.:■ 
III 

7(i7 

:u 

G 

I 
H 

fl 



5,fi:to 

737 



Ctlftl [MT 

unit. 



SI -27 4 
117 
1 '93 
3'37 

I3-S7 
3-28 
3-li»l 
B'OO 



16 
16 



Total C.wl. 




$2.81177 



S'.M.'IIS.I 

117H2 



$1,01872 



$3,830*9 



I Amount pur 


Cost |jor 


H'JIUO'L', 


square, 


$0'<;~7 


$0-8' 


•i«a 


■2*i 


■ill2 


178 


■1)10 


■11 


■U07 


■30 


'001 


•08 


■Dili 


•<>i 



B.-89 
0/88 



$3SS 



| I-tW 
■U 



$1-2 



84-5U 
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CRIB \'(i. 1, 212 x -''2 x 8 feel = 51.272 eabfo feet. 



Materials. 



Amount. Coet per unit, Total cost. 



Brush, eortk 
Poles, cords 
Stone, tons 
Wire, coils 
Cable, coils 
Spikes, C," kegs 
Spikes, 9,» kegs 

Total Material coal 



I "ilmr 1 1 ours 
Sailor hours 



228 
100 

324 
32 
21 



I1-S71 
1-4S 

1-50 

:),'!: 
12-27 
;v2r. 
'.ti2i 



jo;iic7u 
14800 
4«(i'00 
107-84 
105-67 
R-Oi 
2122 



Ammmt por 
1 00 cubic foot. 



$0-420 
■184 
•687 

•058 
•005 



Cost per 
lOOcjiHcfcet, 



SO- 54 
'27 
"JO 
■20 
•20 



-oia 



$1,171-37 



2.1180 
B10 



it; 
us 



129-76 

'.'Ti'.'i 



G&AND Total 



gl,fi08-73 



■05 
I8-1B 



1-12 



0-71) 
018 



is-is 



CRIB NX 2, 17<i x It; x 8 feet = 21.760 cubic foet. 





hems* 






Total cost. 




Cost per 
100 cubic foet. 


Total materials 
Total labour 


*« 


... 


TOTAL 


SG05-79 
BBS- 70 




S2-78 
1-22 




$671-55 


$4-00 



REVETMENT 230 squares, 
Itrtuli, 325 cords ; polos, 45 cords : stone. Ul'.i tons; wire coils, 22 : spikes, 6-inch, i keg; spikes, 
Mnah, 3 kegs. Total materials cost $1,774*38 ; cost per square, 17*71, Labor cost, $1,393-44, or per 
square $608. 

Grand Total Cost, §3,1 (17-82, or per square 313*77, 

I. AN n t.'li IB 3,000 euJbte feet. 
Total Cost of Materials, JfQ*3f ; per 100 cubic feet, |2*00, 
Ijibor Cost, $32-32 ; per 100 cubic feet. gl-08. 
Grand Total, 392-69, or per opiate. $3-08." 

In the lower portion of the river this kind of protection is well 

N CW Orleans Spur adapted to the prevailing conditions, and some 

Dikes, 1890. yv) y ] ai .£ P aiH j ] WiiV y dikes have been built on the 

New Orleans front. Of several built in 1890, one is spoken of as the 
largest ever placed in the river. 

In that year tbu dikes constructed there were changed from 
purely submerged dikes to a form somewhat similar to those used at 
•Memphis and Greenville. " This eonsisted in carrying the dike above 



tew water by connecting it with an earthen levee with a crown of 
in feel and slopes of 3 to 1, the bank being firKt graded to a gentle 
slope. On this levee rock was placed to a thickness of 9 inches, 
forming a pavement covering the levee and extending 20 feet above 
and 50 feet below it. {See Fig. 4, New Orleans Dikes.) 

"The large dike referred to contained about 3,400 cords of 
willows, 80.000 ft. of lumber, 2,000 tons of rock, a, 500 pounds of wire, 
GO kegs of nails and spikes and 8,000 lbs. of iron rods and chain. Its 
length was 430 ft. and height fifl ft. The depth of water at its outer 
odgo was 250 ft." 

Tin- cribs were constructed of sawed lumber frames in place of 
rough willow frames as in the upper river work, and in .some eases 
they were five and six tiers high. Sketch cross sections of two of 
them are given opposite. 

The average cost of these dikes excluding administration, repairs, 
etc., was ST'15 per square for mattress work, and 3-oTfcents per cubic 
i'uui for crih work. 

In f893 t he- officer in charge <>f the third district reported: 
" Spur dikes without intermediate revetment have been successful in 
some straight reaches and in concave bends of lar»e radii, but in 
aluupt bends the dikes alone are only locally effective." 

Mr. Coppee says; "Where the bend is very abrupt and the 
hank sandy dikes are of little value. Where the bend is abrupt and 
the material elay and buckshot they should be placed not farther 
apart than 500 feet, and even then it maybe necessary to protect the 
intervals he! ween t hem. " 

Finally, in concluding bis interesting and valuable paper, from 

m,., ,■„,,, ,,.,„. which liberal extracts have been made for those 

, i,>,i:„, at'mntu llu ( ( . S) jj r Coppee remarks that the bank revet- 
ment described, " is probably more extensive than any like engineering 
construction in the world." A mattress 300 feet wide by 1,200 feet 
long represents a superficial area of about eight acres, and when one 
realizes that this vast willow carpet over a foot thick is placed on the 
bottom of the river in depths of from 40 to 100 feet and against 
currents of from 5 to 8 feet per second, the difficulty of the enterprise 
will be appreciated. 

"Though mueli of the revetment from Cairo to New Orleans 
has needed repairs from year to year and in some reaches has required 
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renewal as a whole, it may be said to have been eminently successful 
in the protection of harbour fronts and the prevention of cut-offs and 
outlets, and fairly so in the control of bank paving and the resulting 
change in position and flow of the river. 

"At some points where the materia] of the bank was friable and 
the currents very strong, the earlier forms of revetment proved too 
light and were entirely swept away, the shore line continuing to move 
hack. Also considerable reaches of protection work needing repairs 
and reinforcement at the ends have been destroyed because of the 
lack of funds due to the failure of appropriations, etc. Tn the later 
work the results have been beneficial and satisfactory^ and the loss 
hut slight." 

The spur protection of Greenville Harbour again suffered in 181'U. 
Extensive cavim* in the bend above had destroyed 
a number of the spin's and threatened the entire 
system, as well as the town itself, with destruction. To meet this 
danger the protection of the caving bank of the head had been 
undertaken, and the continuous revetment was further extended in 
1 894. 

In the first two districts from Cairo down to 620 miles no spur 
dike works seem to have been built in this year. At New Orleans the 
spurs had given satisfaction except ia one section where it was 
believed they had been located too far apart, Here the foundations 
for four intermediate spins were laid and considerable areas between 
spurs, in all 744,000 square fwt, were covered with mattresses and 
the Upper bank revetted. 

In 189fi-U7 the four spurs at New Orleans mentioned above 

were completed and several others added. In the 

latter year the mats and crihs were built on the 

willow grounds and thence towed to New Orleans, a distance of 

I 50 milus. 

At Elmot Landing, I uo miles below Cairo, where the bank li.nl 
been previously protected in disjointed lengths of continuous revet- 
ment and spur dikes, a bad pocket, 050 feet long by 250 feet deep, 
was cut out of the bank in 1896. In order to stop and break up the 
eddy a spur dike was constructed consisting of three tiers of brush and 
stone cribs founded upon a fascine mat of irregular shape. The width 
of the mat normal to the bank was 860 feet and its length KM) feet on the 
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shore side anil IfiO feet on the out stream side* Chviuff to the absence 
of suitable plant to make this mat of the required width of fascine* 
laid normal to the batik line, it was constructed of fascines laid longi- 
tudinally. 

The first or bottom erih was 27 :i feet long, 24 feet wide and a feet 
thick; the second resting on No, I was 260 x I (5 x 4 feet; and the 
third resting on Xo, 2 was 282 x $ x 2 feet No. 2 projected 37 feet 
inside the low water line, and Xo. 3, HO feet, leaving 30 feet of No. 2 
exposed. The bank was graded up the slope for a distance of 100 feet 
and protected with rip-rap, extra .stone bring piled around the ends and 
against the sides of the cribs to prevent cutting and undermining. 
The stone work extended dtp to above tbc 2(> feet stage. 

In LS97 a prejeet was sanctioned for the protection of theGiles Bend 
„ , (7011 miles below Cairo) to prevent a threatened 

Gilia Demi Spurs, lS'.»i, v ' l 

cut-on there. It provided for the construction of 
14 spurs at a cost of $95,700, including care of plant, &c, and also 
some three miles of continuous revetment. The following extracts 
from the District Engineer's report explain the proposals provided in 
the project :— 

"Interesting experiments are now in progress with a view to making some 
material much more economical Hum rock for sinking the cribs ami mats, using 
as a basis the sand and day found upon the hanks of the river where these 
structures are to he stink. These experiments so Car give great promise of success." 
(The writer learns they were no! so successful as expected.) 

"The reduction in the cost of crib and mat construction secured this season, 
withotlier no less Important economies in si^ht, coupled with the fart that the 
several systems of spur dike* in New Orleans harbour have, in the main, been 
.successful in holding the hanks protected, and thai in no cusc have any spurs been 
actually lost or in need of excessive repairs, hus satisfied me that at the present 
stage of the art of bank protection the mo.il available method for Natchez and 
Vidalia is the spur dike system. 

"The upper spur should be located at a point where the bank has little or no 
tendency to cave, and a sufficient sum of money should he held in reserve to 
prevent this spur from being flanked by the current, should any change occur i" 
the regimen of the river which might cause such a tendency. 

" Owing to the tendency of the point of caving to work down stream ami 
also to the proximity of the bluff and tie* presence of a bed of indurated sandy 
clay near the foot of the bluff, which yields hut slightly to the action of the 
current, I anticipate no serious difficulty in liolding I lie upper spur of the system, 
though the works should never be left without a balance of ready money, 
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which cimld lie applied to protecting this crucial point against any unforeseen 
attack." 

" It is proposed to place the spurs at intervals of 450 ft., standing each one 
upon a foundation mat 150 ft. wide. This interval is about what experience has 
dictated at New Orleans, and it makes the length of bank, not directly protected 
by the mat, just twice as great as the portion that is. 

"The foundation mat will bo of the usual New Orleans type, 2£ ft. thick, and 
is to extend from the low water mark to a point on the bottom of the river 50 ft, 
beyond the foot of the slope. On the average this will mpiiro a mat 350 ft. 
lung, 

".Spurs will bo built of two cribs, each 6 ft. thiek. The upper one, 1(3 ft. 
wide, to extend from near low water mark to the foot of the slope ; and the 
lower one, 24 ft. wide, to (111 In the hollow of the curve ot the bank in tbe usual 
way. This will not in all cases bring the top of the spur to a slope of 1 on 3, 
hut in my judgment it is not necessary that it should, and if further experience 
should develop any necessity for doing so, a third crib can at any time be added 
whore required. 

* It is proposed to sink the mats and cribs with stone, or with any suitable 
substitute which the experiments now in progress may develop as having 
sufficient weight, permanence and ability to resist erosion. The estimates below 
aro based upon the use of stone. 

" As the slope of the hank is generally quite gradual in Giles Bend where 
thoso spurs are to bo constructed, and the range of the river amounts to 
about 50 ft., it will be necessary to adopt some form of construction to 
protect the bank between high and low water, mats and cribs not being 
suitable, as they would rapidly decay. Earthen embankments revetted with 
stone have been tried for this purpose at New Orleans but have not proven 
satisfactory. 

" In my judgment what is required in this instance is a type of structure 
which will check the velocity of the current in contact with the bank, bat without 
Stopping it altogether. By" this means I should hope to prevent the formation of 
large eddies. 

" With this end in view, I would propose to grade the bank on the prolongation 
of the axis of the spur; and on the slope so formed drive a line of 12 or 14 in. piles 
about 6 in. apart in prolongation of the spur, cutting them off at a height of 
12 ft. above the ground and bolting their heads firmly to a couple of string 
nieces. To prevent the small eddies and rapid currents which will be formed 
between and around the piles from cutting away tho bottom in the^ immediate 
vicinity, it is proposed to pave the bank with stone for a distance of 25 ft. above 
ui id below each pile dike. 

"The average field cost of each spur including the shore connection, will 
only amount to $5,500 ; assuming that each spur protects 450 ft. of hank this 
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protection is only estimated to cost. §12*20 jier running toot of Hank, no allowance 
being made however for the cost, of plant." 

The genera] type of the bank protection used at fcfew Orleans 
Success of spta Dike* ** described by the Commission in their 1896 
on the Lower Beacto. rG p 0r t as " Sloping Submerged Spill's of Brush 
ami Stone resting on broad footniats and connected where necessary 
by revetments/' The New Orleans project was commenced in 18K-J. 
" It was intended to arrest caving in the concave bends of that part of 
the river along which the city of New Orleans is built, from tho upper 
side of Nine Mile Point on the right hank to .some distance below the 
XJ, S. Barracks on the left hank, a distance of about 16 miles, 
comprising four bends. Partial work lias been done on only three of 
the four bends, as the smaliness and irregularity of tho appropriations 
has compelled the policy of first applying protection work whore 
the greatest emergency existed at the time, instead of allowing an 
orderly and systematic progress from the head of the reach down 
stream. . . , Such parts of the work as have been constructed are 
entirely successful in arresting the local caving and are now in good 
condition." 

On page ;U*21 of their report for 18&6 the Commission state: 
"There are methods of protecting caving banks 

0|,n iof Mississippi , . L ° 

uiT,. r {'rtimtiUsioii '"I besides the continuous mattress revetment. Among 
the general nao of Sjmr 

Dikes in dm I'l'l" 1 " these that known as the spur-dike revetment 

BewhmoltkolHte. js {h , ^ HH) , mogt ^^ Qged rp^ forffi 

of revetment has been tried at some places on the Lower Missis- 
sippi under the recommendation of the Commission, the most 
important of these places being at the harbour of New Orleans. The 
spurs in all these revetments were constructed of brash, mattresses 
and stone. Full descriptions of them will be found in former reports 
of the Commission. But sawed lumber could be used in the place of 
brush ; and of this the possible supply is ample. Some forms of spur 
have also been suggested, but not tried, involving the use of sawed 
lumber alone. 

" It is not to be doubted that there are some situations in which 
spur-dike revetments oan be employed with success, but for use on 
the soft banks and. in the rapid currents which characterize the greater 
part of the river between Cairo urnl Viekshurg (mile fi()o) t the 
Commission does not consider that form of bank protection as a sate 
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and reliable one, certainly not one to be constructed on a lar</e scale 
and at the hazard of great loss if it should fail, without some years 
of careful experimentation." 

The clear expression of opinion b} T the Commissioners on the 
inadvisahilit}' of using spur dikes in the first GOO 
miles below Cairo, where the banks are soft and 
the current rapid, leads one to ask, what success was reached in the 
Giles Bend dikes with the experimental pile work up the bank in conti- 
nuation of the spurs 1 The writer saw these works with the Commission 
on their low water inspection in December 1898, and made Special 
QOte of" the violent cutting occurring just below eaeh'dike. The piles 
collected drift, which caused a heading up of the water and created a 
violent eddy around each dike, ending with a strong direct attack on 
the bank below it. An attempt was made to get a photograph of the 
general bank from the steamer as it was a most instructive experiment 
in spin- dikes in that reach of the river but owing to rain it was not 
successful , The writer, however, noted that the pile extension of the 
spur in the conditions there prevailing might be classed as a failure. 
lie now learns that after their inspection of this work, which is 
spoken of as having been experimental, the Commission passed a 
resolution, iu effect, directing the cutting down of the piles as low as 
possible, the sinking of mats between the spurs, the protection of the 
banks between the spurs with continuous revetment, and further that 
no more spur dikes are to be built at the Giles Bend without express 
orders. 

On page o7<>7 of the Chief of Engineers report for 1897 will be 
Utosi Vuw ork-im. found a brief history of the New Orleans work from 
WurL - the earliest time, and also a description of the present 

methods and cost for several of the later years. Mr. Douglas, the 
writer of it, mentions that one ol' the principal objections to both 
fascine ami woven mattresses is that they must be built on the spot 
where they are sunk. With the frame mattress it can be built at any 
point above the locality where it is to be sunk, where willow or brush 
can be obtained. Amongst other interesting facts it is stated that 
192,000 sipiare ft, mattress and GOG, 720 cubic ft, of eribs were built 
and placed iu eight spurs in 93 days. The mattress cost G{ cents per 
Sq. ft. and the cribs 3 cents per cubic it. He gives the details of cost 
en pages 3800-3801. 
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The plant employed on the New Orleans work includes the fol- 



lowing 



Tug 

Quarter boat 

Outfit 

Warehouse barge with outfit 

Mooring barge 

Dock 

II barges at $3000 each 
Wire rope ami other appliances 
Rock, lumber, mats, &C. 

Total Plant Out 



valued at $5,00000 
„ 8,000-00 
„ 2,000-00 
„ 4,000-00 
„ 4,000-00 
„ 4,00000 
„ 33,000-00 
„ 5,000-00 
„ 10,500-00 



FIT 



$75, 500- 00 
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BAKK HEADS, MISSOURI RIVER 

In I Kin; an experimental device called u Bank Head was built 
uiiflii- Missouri River at the fool of Chamois Bend, Montana, 3,850 feet 
below the end of the revetment Although subject to a very severe 
test by a change in the line of the approaching flow, due to other 
influences some two miles up river, the structure stood well. It is 
reported to have so far accomplished theohjeet for which it was built, 
in that the length of hank above has not receded and the original 
bank below for a length of 1,800 feet has been protected. The cost of 
the bank head was s i i ,355, The 5,000 linear feet of revetment which 
it replaced would have cost $35,000. The work was commenced on 
March LSfch and practically completed by March 'JGth. This is 
another illustration of the facility with which huge river works are 
carried out on the Mississippi and its tributaries. 

The arrangement is shown on the drawing given opposite, taken 
from the Chief of Engineer's report for 1807, from 

"'''■III- lt( ' '',ii,lni''lm1i, , . , , . , • . ■ 1 

which also the following description IS extracted. 

It consists of segments of the frusta of two cones, having a 
common axis, the lower one resting against the bank and on the 
bottom of the river, its top cut by a plane 6 feet above standard low 
water ami developing an arc of a circle 7:24 feet in diameter and 
'laving a middle ordinate from the bunk line of about !>0 feet; the 
upper frustum resting against the bunk and on the lower one 
developing an are of a circle 640 feet in diameter, and from a common 
centre. 

In all §08 piles were driven. 446 in the outer wall, 29 in the 
anchor row, 9 in the bank row. 109 in the upper cone frustum and 15 
mr outside temporary anchorage. The piles were driven to an average 
Penetration of 2*2 feet The distance apart of piles in the outer wall was 
•"' feet centre to centre, and brush was introduced between them vertically 
a| id as wattling with a view to produce a practically water-tight wall. 

Altogether a quantity of 3,970 cubic yards of one man rook was 
Ufil 'd, a thickness of -', feet beimtkept at the middle ordinate and the 
^lanee being disposed below in diminishing section. 

t>i MR 11 
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Iii order to till the space In 'tween the outside circle of piles and 
the Upper cone frustum with Hood deposits, 1, 490 odd lineal feet, or 
about 32,000 square feet, of curtains were built as shown on the 
sketch. One of these on a lino 30 degrees upstream from the middle 

ordinate was a tight curtain made of t inch boards, The horizontal 
CUTtain extending from the ■Miter wall to the base of the upper cone 
frustum was made of wire netting, the meshes of which were partly 
filled with brush. The netting was supported on wales and | inch 
wire strand. 

It was expected that the hank head would permanently hold the 
bank at that point, and that after a certain amount oi recession the 
stretch of live hank above it would become stable. The form given 
the structure was thought to be such as would avoid at all stages the 
formation of viulent eddies which are so marked when the ordinary 
solid dike is used ami which develope with such persistency below the 
outer ends of exposed permeable dikes after they have been subject 
to one or more heavy floods. The expectations were fulfilled, but, as 
afterwards found, a higher velocity and a greater heading up were 
experienced than were anticipated. They were due to a change in the 
channel above — two miles upstream— where an accretion threw the 
channel across the river, whence it returned immediately above the bank 
head changing the direction <>f flow about jo degrees in 2,000 feet length 

In these circumstances the attack on the structure was very 
severe ; it amounted to nearly the full force of mid-stream flow, ami 
naturally the head accumulated was much greater than if the How bail 
continued tangential. The head of water was fully explained by the 
direction of attack as were also the How around the structure and the 
eddy resulting from tlic great velocity. There was a measured slope 
of U'G8 feet at the bank head from the upper end of the outer wall 
to a point ;J0 feet below the middle ordinate, ami a negative slope w 
(HO from there to the lower end of the structure on June 7th. Not- 
withstanding this severe and unexpected attack, occasioned by tin 1 
change of channel above, the structure showed its stability, 

If it had not been built it is probable that there would have been 
a great recession of the bank at that point and for some distance below. 
During the first period that the outer wall was submerged there w* s 
no eddy, and for a long distance below the structure and for some 
distance out from the shore the water was dead, the outer line of the 
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dead water feeing a curve of large radius? that was almost tangential 
to the outer wall near the middle line and which came into the shore at 
; i point 1,800 feet below. In this area there was considerable deposit. 
The cost was as follows : 
Pile hrivm^ r Labor ... ... $798*22 

Piles: Fine i»,-t I I I. ft. ... ... 1,463 Si 

Whin- rmk 2,308 I. ft. ... 286-19 

Water oak 7,3161. ft. ... 649-25 

Cypress fc,239 I. ft, ... 520*12 

(\yA & siunjdif.s ... ... 82*89 $8,800'4» 



Widinjf, Bracing, 






nuil dirt-iins : 


Labor 


.. .^es-.s't 




Lumber 12,667 B. M. 


,. 881*87 




Broab & poles ,"(! cords 


95-20 




3 inch galvanized wire 


1065 




Fastening?, IioIn, spikes, <ve. . 
Labor 


300*22 


li()<.*kiiig r 






L'lbor 


. 832-28 




Uock .i.H7'> eii. vda» 


,, 4,198-00 



*l f 331-7» 



$4,530*28 



Subsistence i 588-20 

Tow-Boat Sen ifc : l,018*(i3 



$11,264-39 



It should be mentioned that the reach where this bank head was 
located had a long easy curvature ; and further that the channels of 
the Missouri are being steadily improved by the construction at 
considerable expense of dikes or permeable wing dams. Their con- 
struction helps to divert or modify an attack on a point, by chang- 
ing the direction of the upper channel, thus possibly saving the bank 
protection from entire destruction under a violent attack. 

Appendix l of the Chief of Engineer's Report for 1897, part 5, 
( 'ni<iii.-isti 1 .l ! ni'vvn,n,rj- ' s ; i paper by Colonel Sticknoy on Bank Protection, 

" M1:, "* k ttwd *- in which he gives his theory of Hank Heads. ,,r the 

holding of selected points in preference to continuous revetment on 
Wver hanks. Ho premises his paper by stating he is convinced of the 
•^practicability of protecting the banks of the Mississippi for hundreds 
°i miles by continuous revetment. 
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His objections to continuous revetment are briefly : 

The great extent of the work. 

The trreat first cost and heavy maintenance charges. 

The difficulty of watching and keeping in repair the lung line of 

submerged work. 

The scanty supply of materia! (brush) required lor such work. 

The probability of its eventual destruction. 

At Xew Orleans submerged spurs have been tried, says Colonel 
Stickney, but this did not Cully carry out the idea of holding detached 
points at considerable distances apart, leaving the hank between the 
points to be attacked by the current till it bad receded to a position 
where its distance from the genera! flow of the river would be such 
that the velocity of How along the retired bank would be below that 
necessary to erode the iiiiiterud of which the bank was formed. "The 
more recent study of the matter has led me to the belief that the 
intervals between Hxed [joints should be from 7,1)00 to 8,000 feet which 
would permit of much more substantial structures ami yet reduce the 
cost per mile of bank." 

He discusses the matter at length and illustrates his paper 
by diagrams. He concludes that if two points la a hank lie made 
fixed points, the bank above the upper point being In a stable 
condition, the bank between the points will not recede by scour so far 
as to form a concave bend of much less radius than 5,000 feet except 
in the vicinity of the lower point. 

He then finally considers what kind of structures can be built that 
can reasonably be expected to accomplish the desired purpose and he 
permanent. 

The following conclusions are given as results of experiments on 
a small scale on the Missouri River: — 

1. That if a sufficient thickness of stone is placed on tin- slope of 
a bank of the river where hanks and bed arc subject tu scour, the 
subaqueous slope subsequently formed by scour will be almost entirely 
in advance of tile toe of the original slope and the surface of it will 
be covered by the stone falling on it, 

2, That having reached the limit of maximum scour the slope 
will become stable even on a soft bottom. 

;i. That water flowing with considerable current will pass around 
a Hxed curve of .100 feet radius without producing violent eddies. 




Bar.V.head, Chamois Bend. View taken August 7, 1897, looking Down Stream. 
Construction Patty with Pile Driver, ate about to commence extending the upper arm to a junction with Caving Bank. 

lita^e oi P/wer 1 75 Sett above, standard tow water. 



( M ) 

Colonel Stiekney gives his proposed batik head section and ;m 
estimate of its cost in <i(» feet depth of water, with stone 2*42 feet 
thick, allowing for scour of 100 feet in depth along the front. 

The total of his estimate i> $67,000, 

This paper is very interesting and instructive, hut, though hunk 
heads have been experimented with on the Missouri River, they have 
not vt ln-.-n tfi,..(] ,,m ill-' Lower Mississippi. 

The annexed plate shows the condition of the Chamois Bend 
fauiti Hewle, Mtotuiri Bank JiVail after the high water of 1807. The 
" IV "' ,VH onter wall was then extended U feel, but after 

its completion the bank above the structure still continued to recede, 
and when the writer inspected the work in March IK!Ml, it was 
apparently still slowly receding and appeared much as shown in 
the plate hut with the right hank in the foreground further 
receded. 

It was originally expected that the main How of the river would 
continue to closely follow the right hank from some distance upstream 
down to the hank head A change however occurred, as before stated, 
and, as the work was experimental, endeavour was made by auxiliary 
works to restore the channel and to expose the hank head to the 
conditions on which its favourable action was predicted. The bay in 
* 1 mmois Bend was masked by dikes and reversed abatis placed across 
chutes, but without succeeding in entirely restoring the original 
conditions The bank has receded for a distance of about 1,000 feet 
above the bank head back of the theoretical line ; indeed, the curvature 
just above the bank head has a radius of little more than 1,000 feet. 
Tin.' structure however stands well the attack to which it is subjected, 
though a further extension of the outer wall seems advisable. Mr. 
Waters Fox, the District Engineer, expresses the opinion that so 
long as the piles retain their strength he doubts if the structure would 
sustain any damage if no work was done to it. He says : " Experience 
shows, however, that a bank head is liable to he subjected to attack 
by direct flow at any point along its outer wall, and therefore the 
supply of rock should not he diminished below the directrix as it was 
in this structure." 

Since the construction of the Chamois Bend Bank Head, several 
others, eight or nine in all, have been built on the Missouri River, 
most of them being completed before the high water of 1898. 
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Different designs have been tried, and the action of the river watched 
on each. Notable changes which were made were the omission of the 
pile work altogether and the placing of the ruck in trenches on the 
natural hank in such quantities ns would eventually give the thickness 
of protection required as the hank eroded and the stone slipped to its 
natural slope. Most of these experimental hank heads have stood 
fairly well, bat experience seems to point to the advisibilifcy of 
retaining the piles and to broadening the herin to form a natural beach 
between the two cones. The tight-hoard curtain referred to iu the 
description of the Chamois Bank Head lias no ad vantages, in fact it 
was evident mi inspection that the ordinary curtain of poles spaced 
two or three inches apart has fulfilled the requirement for which it 
was built. 

The latest experiment is the placing, in extension of the hank 
head, of submerged dikes or sills made of "burrs" of brushwood, 
to cause deposit of silt in the bud of the river and to prevent the 
semiring of a trench around ami outside of the toe of the bank head. 

The Missouri River Bank Heads arc still in the experimental 
stage, though Colonel Stiekney believes that they show good promise of 
success, His development of them will he watched with great 
interest. If points on tin- river bank can be effectually and per- 
manently held by siieh isolated works a large reduction in cost in bank 
protection may be expected, and one <>( the most difficult problems 
in river engineering will have been solved. 




BANKHEAD CONSTRUCTION. 
Shewing Eankbezd nearing ccmplcticn. Looking Downstream, 




Bankhead Construction. Showing- Bankhead practically completed. Looking- down Stream. 




Hurdle Dik.e on the Mississippi. 



CHAFFEE VII. 

l 'hiinix-l (jOJltfaCtion Works — .Missouri Itivpr [iiipruvi'tiiciil.s — Sill [>iiiu-. 

CHANNEL CONTRACTION WORKS. 

TriK Lower Mississippi from Cairo to the Passes is under the 
OtaBMtewwwun control of the Mississippi Commission, hut the 
w " rU ' length above, from the Ohio to the Missouri, i.s 

held as a separate charge by an officer of" the U, S. Corps directly 
under the Chief of Engineers, U. S. Army. In this length of river 
Bxtensive channel contraction worlca have been undertaken, and an 
attempt to describe some of them will be made. 

The original condition of the navigable channel was such that 
the natural depth at low water was in many places 

Misaifwij)]-!! River be L * * 

tvmn i in; ohw ami as little as Si tn 4 feet. Works were commenced in 

Missouri Rivera. , _ , , ~ . , ,, , ,. 

IS/2 and continued tor a number nl years, ennsist- 

ing of dikes and dams of brush and stone which were built with the 
view of confining the low water volume to one channel. The object of 
the present project is to eventually obtain a minimum depth at low 
Water of 6 feet from the mouth of the Missouri to St. Louis (16 miles), 
and of a feet from St. Louis to the mouth of the Ohio ( I 7M miles). It 
contemplates a reduction of the river to an approximate width of 
2,500 feet, the natural width being in places from ! to U- miles. The 
method principally employed is the closing of sloughs (slews) and 
secondary channels and the building up of new banks out to the line 
desired from the solid matter brought down by the river which is 
collected hy means of pile dikes and hurdle work. The banks, both old 
and new, are revetted where necessary. 

For the temporary improvement of channels through shoal 
reaches " portable jetties," tow-boats to stirupsand, one provided with 
J6l [unnps, and hydraulic dredges capable of removing from 500 to 
1,000 cubic feet of sand per hour have beeu used. 

Major Handbury, Corps of Engineers, the officer at present in 
u , fi , . „ charge of this district, defines a hurdle as follows : — 

A "hurdle" is one or the many silt arresting 
devices that have been experimented upon in this country and else- 
where ; the hurdle consists essentially of a row or of parallel! rows of 
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piling, the piles driven either singly or in clumps, the pi lino 1 being 
connected lengthwise of the hurdle by wattling fit' fine brush, fir by 
curtains composed of brush and lodged against the upstream side of 
one of the rows of piling; the whole forniinga permeable dike through 
which the silt-laden current can pass, though with greatly diminished 
velocity, resulting in deposits of silt above and below the hurdles. 
These deposits are generally sunn overgrown with willows or cotton- 
wood, and after they arrive a! sufficient height they can be revetted 
on their river front. To guard against scour of the piles a broad flexible 
mattress is first sunk an the line of the hurdle and through this the 
piles are driven. 

Hurdles are being constructed of clumps of piles., three piles and 
upward to each chimp. Tim piles are driven so that when their 
upper etuis are drawn together by wire rope, they form a sort of 
pyramidal structure, the horizontal distances of the piles from each 
other at river bed level being 8 to 10 feet. The wire ropes are It io IS 
strands of No. I -I galvanized iron wire 

The fops of the piles are kept about 2<) feel above low water, 
excepting that in the eurtain or wattling row the top of one pile of 
the clump is kept 25 feel above that stage in order to intercept drift 
and prevent It from crossing the line of the hurdle. The eurtain or 
wattled row is braced by vertical, diagonal braces heeled against a row 
of clumps, spaced at such distances below as to make the angle of the 
brace about 45 degrees. The heel of the brace is held by a clevis 
passing around one of the piles of the lower clump with its pin 
through the brace. The tun of the brace is bolted to one or more ol 
the piles in the upper clump. (In I he latest type this brace is 
omitted. .See sketches further on. ) 

The piles are driven by means of the hydraulic jet and a hammer 
of about one ton in weight : they are spaced to represent about one 
per lineal foot of the dike. The completed curtain or the wattling, 
whichever is used, is generally carried up to about 20 feet above l" u 
water. 

The mattress is from 60 to 130 feel in width, depending upon the 
depth of water and liability to seoiir. It is manufactured upon 
sloping ways of wattling brush upon poles spaced about 5 feet apart. 
Continuity is obtained by lapping the poles and tying them together 
with spikes and wire. The brush is spiked to the poles at the edge 




Mattress Revetment trtwccn Cairo and St. Louis. 
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of the mattress and fit other points, about one spike to every third 
pole. One cable yard of stone per cord of brash is required to sink 
the mat. 

The piles used in the hurdles vary in length from 25 to GO feet. 
They are driven with the larger end down and penetrate the bottom 
about 15 feet. 

At the shore end of the hurdle the hank is revetted for 300 feet, 
•Jin I feet below the axis of the hurdle and 100 feet above. In construc- 
ting the shore revetment a mat about 120 feet in width is sunk ; the 
bank is then graded to a slope and covered with rip-rap. 

Works of this description have been carried out at Piasa Island, 
Alton Harbour, St, Louis Harbour and many other points South. A 
breach in a hurdle at St. Michael's Landing, 27 miles below St, Louis, 
necessitated the construction of a new hurdle of length as much as 
2,800 feet on the downstream side of the breach. Revetment works 
opposite Chester included a mattress 1 ii5 feet wide and 3,30G feet 
long the bank being protected as customary with continuous revet- 
ment works. 

At Liberty Bend, 70 wiles below St. Louis, where the bank is 
high find consists of sand and loam with an underlying stratum of 
quicksand, there are many examples of hurdles, hurdle dikes anil 
revetment works of considerable importance and interest. At a 
point near the upper end of the bend a strong hurdle dike several 
hundred feet in length has been built out from the bank to prevent the 
outflanking of the revetment ; and under the protection of this dike 
the revetment was commenced and continued downstream for nearly 
; > mile and a half in length. On the other side of the river there are a 
series of hurdles sutout nearly at right angles to the hank and slightly 
inclining downstream with reference to the channel, which were con* 
Btrueted for the purpose of narrowing the channel in that length. 

At Powers Island, 143 miles below St. Louis, is a good example of 
.,. , the elosiic'- of a sloiiudi. This .slough, known as Doo- 

Closing Sloii^li*. e> ** t ° ' . 

lan's, separates the Island trom the Missouri shore 

and formerly carried about half of the low water discharge of the river. 

It has been closed with a permeable hurdle 1,600 feet in length. The 

foundation was a mattress i 50 feet wide, two-thirds of the width being 

'*dd ou the downstream .side of the line of piling. On the top of this 

v ^is placed another mat, 50 feet wide, and in deep water third and fourth 
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tier mattresses, 25 feel wide, were laid just below or downstream of the 
piling to build up the bottom to an even cross .section to receive the 
overfall of the dam. The bank at each end was protected by mattresses, 
600 feet long by ISO feet wide ; 250 and 350 feet respectively above and 
below the line of the hurdle. The banks were graded from low water 
up tn a slope of 2 to 1 and then coveted with a revetment of stone. 
The depth of water in the slough averaged 20 feet. " Piling was driven 
in three rows, I feet apart, of chimps, spaced feet centres, of 8 and 
4 sticks each, The clumps hi each row wvrc staggered with those in 
tli.' adjacent rows. The use of the hydraulic jet was discontinued 
ttfterdriving two rows, as it was found to loosen those already driven.' 
A jet dredge or bottom sand agitator was experimented wit!) in 

y „ deepening channels a few years back. The outfit 

Jrt DralgG, . , ' 

consisted of a dredge boat, quarter boat, pile driver, 

coal and pile barges. Tin- cost of the dredge was #18,000 and 

monthly cost of working §2,650. It has, however, been superseded 

liy hydraulic dredges which pump and deliver the sand through pipes 

at a distance from the out of from 500 to 1,000 feet. The hydraulic 

dredge will be described further on under "dredging. " 

Experiments have been made in the last three years with cheap 

,, , . devices designed to concentrate the water at shoal 

CtatAtilc Junius, p . , . 

[daces and, by increasing its velocity, induce a scour 
that will improve tiiu channel, The results have led to the adoption 
of a system described below. 

Having determined upon the direction that should be given the 
jetty to produce the best results, piles are driven firmly into the bed of 
the river along this line, at distances apart varying from 10 to 20 feet 
according to the depth of water and strength of the current. In 
extreme cases clumps of piles may be necessary. Along these piles, 
at a suitable distance above water surface, other longitudinal pieces are 
made fast by rope or wire. These are to support the upper ends ol 
corrugated steel sheet panels, the lower end of winch will rest on the 
river bottom. Each panel is 10 lectin width, measured in the direction 
of the jetty, and from 10 to go feet long or high depending on the 
depth of the Wafer in winch it is to be used. It is made of No. I i 
U. S. standard gauge sheet steel, rivetted to three 5-in. I-beams \-l 
lbs. per foot. Suitable links or clevises are provided for handling 
the panels. 
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To prevent scour along the lower edgu of the panels, which 
would permit of their swinging through between the piles, a mattress 
from H to 10 feet wide of fascines laid side by side is tied to the lower 
edge of the panel and sunk with roek. At the end of the low water 
season the jetties arc removed, the panels are taken up, cleaned and 
Stored, and the piles are also removed to be used in future work. 

The cost of these jetties, if abandoned, that is to say the whole 
first post, including tools and plant and establishment charges, is 
$*5'06 per font. Deducting value of recoveries and allowing for 
depreciation, &c, the cost is estimated at about S4'^5 per foot. It is 
stated by Major Handbury that a party with outfit mi the ground 
should put in place us much as 400 feet per day. 

A sketch of the arrangement is given opposite. Examples of 
such works are to be tbund on the Mississippi between the mouth of 
the Ohio and the Missouri Rivers, from the report (for 1897) ou which 
the greater part of the above has been extracted. The estimate for 
the improvement of this length of river, as revised in 1883, was 
|t6,397,50Q. The expenditure to the end of 1897 was about 
§7,000,000, The yearly expenditure of the current time is about 
three-quarters of a million dollars. 

The length of river under consideration, viz., from the mouth of 
Suir n i.wty nf this t,u * Missoari to the Ohio is particularly well suited 

l, ; ,, ' lh "' liv " fer for the use of hurdle dikes and such river contrae- 
r tflnnol •.'■iiiiriici inn . , 

rt 'i tion works. It is the first reach to take up the enor- 

mous load of sediment brought into it by the Missouri. Large deposits 
are easily induced where channel contraction is desirable to increase the 
depth. The extreme oscillation between high and low waters near the 
upper portion is about 36 \'<->'t ; the low water slope averages 6 feet per 
mjlt?,*with a discharge of about 50,000 cubic feet per second ; the high 
water discharge is from 800,000 to 1,000,000 cubic feet per second. 
Sand bars are numerous and crossings frequent, while their locations are 
eon stan tly shifting. The contraction works so extensively undertaken 
'hiring the last few years, combined with bank revetment, have been 
very successful, giving n great improvement in the navigation channels. 
Major 1 laadbuiy speaks of them with great confidence, and his establish- 
ment, with the experience they have had, are now able to construct 
works not only of considerable magnitude but capable of holding the 
channel fairly permanently within the widths to which it is contracted. 
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In illustration of the magnitude of the works carried out of late 

years, the following examples of contraction and 
Work of 189a. '/ . & , L , . 

bank protection works executed ni 1 808 arc given. 

They do not comprise the whole of the work of this district, but are 

merely some of the more important parts, exclusive vi" the dredging 

which latterly lias been a special feature in the deepening of channels. 

At Arsenal Island, to re-establish the shore upon the Illinois 

side and to force the river over to the Missouri shore, four hurdles 

aaoreffatiae 4,000 feet in length ami about 1,700 feet apart were built 

CO & O ™ l 

out from the Illinois shore. They check the .sediment carried by 
the river and cause a deposit in their locality which in time will be 
sufficiently high to be revetted and held permanently. 

At Twin Hollows, Illinois, u miles below St. Louis, considerable 
revetment was built in 1882 and the following years. This was 
repaired in 1894. But a decided tendency to erode above and behind 
it during recent high waters lias necessitated the repair of a length 
of over 4,000 feet. 

In 1802 some 5,000 feet odd of the Illinois shore near Sycamore 
Lauding, 40 miles below St. Louis, were revetted. Of this some 
1,500 feet were repaired in October 1898. 

The head of Moro Island, 58 miles below St. Louis, for a length 
of over a mile, was revetted to a 10 feet stage 1 in 1805. Subsequent 
high waters eroded the upper hank and permitted the passage of 
a large volume of water between it and the low water protection. 
The bank was carried away for a length of 3,000 feet, cutting bark lo 
a distance of 400 feet. To restore the shore line 1 its old position, 
five short hurdles were built out about 650 feet apart, extending from 
the bank to the old mattress. 

At the lower end of Ste. Genevieve reach, on the Missouri side, 
a soft sand bank over a mile in length is being held in order to preserve 
the alignment of the river channel. This is done by constructing a 
low water revetment. The lower end of this low water mattress for a 
distance of l,(i00 feet is made of lumber 1 inch thick, 4 to (i incites wide 
and 12 to 10 feet long. Mr. Curry, Assistant Engineer of this district, 
who has had long experience in construction, arid who it will be remem- 
bered in the discussion on Mr. Coppee's paper on revetment defended 
the use of the woven mat in the upper reaches of the river, speaks with 
great confidence of this later method of construction with mixed lumber 
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and willows. The lumber is used because of the difficulty of obtaining 

sufficient willow* for the extensive works in progress. Mr, Curry does 
not however offer an opinion regarding winch description of mattress 
is most suitable for the lower river, as his experience has been on the 
Upper length only. Though it is quite possible the fascine mattress is 
more suitable to the lower reaches, as proven by the experience of 
the Commission Engineers, he claims that the woven mat is successful 
in the length of river now being considered. It may he added that 
this mattress has been greatly strengthened of late years; wires, 
ropes, cables and spikes being introduced in considerable quantities. 

At Anchor Landing, 80 miles below St. Louis, a length of some 
7,000 feet odd of 1 he bank was protected with mattress work and 
hank revetment. 

At Hamburg, 120 miles below St. Louis, there is a difficult reach 

of water to navigate at low stages, The river divides into -two channels 

and where they join below the island the width is excessive and 

troublesome to navigate on account of the numerous sand bars and 

shoals. The first step towards the improvement of this reach was the 

closing of the chute between the island and the Illinois shore. This 

was elfeeted by the construction in 1898 of two permeable hurdle 

dams, one 2,8(!0 in length across the head of the chute, and the 

other some mile and a quarter below of length of 1,200 feet. In 

the first hurdle the piles were driven in three rows 18 feet apart, with 

the piles of tin.' noddle row (i feet apart, and in the other rows S2 feet 

apart for a length of 570 feet odd from the Illinois end. Thence the 

Usual form of a double row of .'Spile staggered clumps was used to 

the bar line at the head of the island ; a single row of S-pile clumps 

was jetted across the dry bar to connect the head of the island with 

the double row of clumps. The Illinois end of the hurdle was 

protected by a shore mattress with revetment to about the 20 feet 

&tage, while the island end Was protected by revetting the bank with 

»'<<ek to prevent seour. Curtains wqi\> placed in front of the hurdle to 

a height of 8 feet above low water. The second hurdle was constructed 

as a double row of8-piIe clumps driven over the foundation mattress 

il 'id reinforced in deep water by a third row of dumps, The clumps 

Were connected by n longitudinal stringer dropped between the elump 

ru ws and fastened by wires. Curtains were also placed in front of 

this hurdle to the height of the 8 -feet stage. The closing of this 
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chute by these permeable; structures has already had a marked effect 
in increasing the depth of navigable water through the channel of 
the river at low water, and the high water lias caused extensive filling 
above the head of the chute. 

At Devil's Island chute a hurdle 1,200 feet in length was huilt 
across its head. The hank upstream of this is protected by revetment 
for a length of [,600 feet and downstream for a distance of over 
1,000 feet. In this locality two hurdles of 900 feel and 1,200 feci 
respectively were also built in 1898. 

As already mentioned, a strong hurdle dam was built in I8'J" 
across Doolan'a Slough which separates Powers Island from the 
Missouri shore. This dam is reported to he successfully accomplishing 
the object for which ii was constructed. Across the head of the 
slough and for sonic distance downstream there has been a large deposit 
of sediment, A heavy deposit of drift was left above the dam by the 
Hoods of 1897. This drift was sunk in place by putting a broad 
mattress over it and weighting it down with stone, which added 
greatly to the strength of the dam. 

At Commerce Island, a hurdle was constructed extending down 
river across the head of the chute, It is 2,800 feet odd in length and. 
being in an exposed position, was made of great strength, 

A sketch plan of the river showing the location of the Commerce 
Island hurdle and of the dam across Doolan's Slough, is given opposite 
and following it will be found a sketch map of the Ste. Genevieve 
reach. The latter is a good illustration of the method adopted in 
the location of hurdles d est n-ned to narrow the river. 

At Bushburg near Riverside the main channel is deflected across 
Temporary channel the river and returns a^ain below Riverside, making 
improrniient, 1898. f our ernss j„„-,. f r nm one side to the other in a 
distance of six miles. To assist the work of the dredge which was 
employed on this section, a portable jetty 1,100 feet in length was con- 
structed on the upper side of the bar, inclining outward into the main 
channel. The combined action of the dredge and jetty resulted in 
deepening the channel for a length of 4,000 feet from Uj feet on B 
lo-feet stage to 4 \'viA on a 8 feet stage. 

With the experience gained in previous years in the use of these 

jetties and having considerably strengthened them, 
l'..riiiip|. I. !i.,>. i • ,i -iii i- ,i i ,i ..„ „,, 

rendering them mure suitably lor the duty they were 
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called upon to perform, work of considerable extent rind success in the 
placing of the jetties was undertaken in the 1898 season. Jetties were 
built at the following localities ; Riverside, Harrisonviile, Platin Hock, 
76 Landing, Judcit Creek, and Buffalo Island. They varied in length 
from 4a0 to 2,200 feet. " The total length built and removed during the 
season was 9,-345 lineal feet, the jetty party took the field during the lat- 
ter part of August and was withdrawn in December, ft was in the field 
U7 days, of which 39 were employed in construction, 23 in removal, 19 
in towage from place to place, and 1(5 were Inst (Sundays, rain, &c. ). 
The cost of putting this length of jetty out and replacing it in .store 
was but $B~QQ per lineal foot. This includes the proportional expenses 
for plant, repairs, deterioration, towage, office, engineer depot, Ac." 

Major Handbury reports : " The jetties materially improved and 
maintained the channel at each of the crossings where they were 
placed, giving a navigable depth ^i' 5 feet or more, although the river 
reached a stage of 1 2 feet below the standard low water." 

Opposite next page are given sketches showing the duvclop- 
Enrly SfyaaB ol merit of the hurdle dike on this reach of the 
" , " 1 """' liver. Fifteen years ago it consisted of a single 

row <>r cows of ] files, braead transversely as shown, driven through a 
foundation Mattress about 50 feet in width. This developed into 
rows of two or more "staggered "piles, the front row being braced as 
before, with the upstream pile of the front TOW of height extending 
above the general level Of the rest in order to catch drift. This 
; ii rang n lent tended to save the general hurdle from destruction 
by the overflow of drift, as when it topped the higher piles or 
broke through them it merely sheared off their heads without neces- 
sarily destroying the rest of the structure. 

Then followed n»ws, ol' different heights, of clumps of staggered 
piles. Finally in 1808, was adopted the system of rows of three and 
'"Ur pile clumps, driven close together with the clumps alternating and 
connected by longitudinal stringers, with or without curtains, the whole 
driven through a foundation mattress 120 to 200 feet in width. 

The sketch showing " type of hurdles " is not an absolute standard 
but was designed as a general guide f>r the working parties in spacing 
; ll "l grouping the piles in different depths of water. It gives a fair 
idea of the genera! practice followed at the present time in the reach 
°f the Mississippi between the months of the Missouri and the Ohiu, 
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This i if >tt_: is also illustrated by plates nf photographs presented by 

Mr. Curry, the senior Assistant Engineer in Major Handbury's office. 

The quantities of work done in 1898 at Arsenal Island on four 

hurdles aggregating 4,400 feet in length, and at 

Materials usc.l and . ^. (l ° ° to ' 

u»to£h«rdio oonsirao Hamburg Lhute on two hurdles aggregating 
4,085 feet, were respectively as follows 1 — 

Piles driven ,,, ... .,, \o. 

Unices jitaeed ... ... 

Stringers placed ... ... ... „ 

Foundation mattress made Si sank ... svp ft. 

Drift mattress ... ... ..... „ 

Rave tm eat placed ... ... ...,.„ 

Curtains fabricated it placed ... .. „ „ 

Buttresses I milt ... ... ... No* 

The cost of these works are shown in the published accounts as 

under, it being noted that the figures include ail expenses on account 
of tools and plant, office charges, etc. 

lTK.M. 

Labour, superintendence... 

U. S. Engineer's office, general charges 

l'laiit and Materials 

Surveys and Steamers .,. 

Steam lenders, barges, limits, :md pile drivers 

Tools, board i ne; outfit and sal >si> tenet ■ 

Brush 

Piles ... ... ... 

Stone ... ... ... 

Hope, wire, iron, nails, spikes, lumber ... | j ., . . . 

Oakum, ooal, miscellaneous ... ... I 

Total cost of 4 hurdles of length aggregating 
4,400 feet spaced about 1,700 feet apart, » tth 
buttresses ut river end, protection at shore 

end, am! with cribbed drift mattress .,, £ 75,4:2* 

Total cost of 2 hurdles aj^regalin^ 4,nK5 lW<\ 
in length, each hurdle consisting of 3 rows 

of clumps, with bank protection, etc $67,493 

Subsequent to writing the above, the following tabulated state- 
ments of work, cost and rate per lineal or square foot of these and 
other works, posted to the end of December 18#8, weir kindly supplied 
by Major Handbury. (Prink' J in part only.) 
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EARLIEST TYPE OF HURDLE 

ROWS OF (IN6LE PILtS 



t 'WC* .12 *T. 





16 »T ABOVE. S LOW WATER 



MfOgp* 



Chos& Section oh A.B. 



ft^JL'WD IRON 





^ 4^^>m j&^ 



Cross Section on C. Q. 



Notes. — For depths of 3 ft. or less only one row of piles was used. 



»» 



it 



3 to 6 „ 

6 to 12 , t 

over 12 „ 

12 to 15 H 

below 12 ,, 



two rows were used as at A B above. 

tbree „ „ „ „ C D. 

four „ „ sometimes used. 

the distance between rows was kept equal to depth of water 

,, „ 12 ft. constant, 

cross stringers were used as shown at C D. 



' ,i n over 18 „ 

The foundation mattress was kept about 50 ft. wide. 
Wattling was built in horizontal rows from bottom upwards. 

Piles were usually driven to depths rather more than the depth of water at 16 ft. stage 
The bank was protected 100 ft. above and 100 ft. below the axis of the hurdle. 
This information has been extracted from old reports. 

E. F. Dawson. 
February \6th, 1899. 



FIRST IMPROVEMENT ON 

SINGLE PILE ROW 

HURDLE. 



HURDLE OF FOUR ROWS OF 4 PILE CLUMPS 
STRENGTHENED AND BRACED DIAGONALLY. 



HURDLE OF SINGLE ROW OF 4 PILE CLUMP 
WITH WATTLED CURTAIN. 



Present Type. 

HURDLE OF TWO ROWS OF 4 PILE CLUMPS PLACED CLOSE TOGETHER 

AND STRENGTHENED WITH LONGITUDINAL STRINGERS. 
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TYPES 



HURDLES 




PILING 
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TABLE SliOWlSi: TOTAL COST ASD WORK I'O.VE TO OKCBUBSS SlOTV JM'S. 
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It will be noticed that the totals of cost given by the writer 
do not correspond with those given by Major Hand bury to end of 
December, but they are allowed to stand as they indicate the 
proportional distribution of expenditure on the several u items." 

The plant and working party employed on the construction of a 
fiiiiit and Working hurdle or hurdles in any one locality on this reach 
of the Mississippi, from the mouth of the Missouri 
tu the mouth of the Ohio, are about as follows : 

Mf it tress barges and outfit, with 60 men. 

Four pile drivers with engineer, master and six men to each. 

A steamboat tender with engineer, master and crew of ten 

Hurdle gang, including extra men to assist in handling piles, 
about i!5 to 35, 

A gang of from 100 to \25, with this plant, would complete about 
1 00 feet length of hurdle per da}*. 

The field cost of the foundation mattress is from 3£ to 4 dollars 
per 100 square feet, and of the bank mat is from 4^- to 5i- dollars 
per 1 00 square feet, in this length of the river. 



MISSOURI RIVER IMPROVKMEXTK. 

The Improvements of the Missouri River, mi which large sums 
have been expended during recent years, have comprised clearing of 
the channel of snags, construction of dikes to narrow and train the 
channel, and hank revetment. The Missouri is particularly well 
suited to the use of the hurdle dike as a channel improver, owing to 
the lar^e amount of sediment carried by its Hood water. 

The general principles followed in alignment of the dikes, etc., 
are the same as those applied to the Mississippi River between the 
Missouri and the Ohio, that is, dikes are built out from the shore 
nearly at right angles to the general axis of the stream, if anything 
sloping slightly down the stream, and extended to the line of the 
projected narrowed channel width. Tin; stream ends of the dikes 
have been trailed both up and down-Stream for a few bents, forming a 
T, but the general practice now is to trail only down-stream as this is 
found to give satisfactory results, the end of the dike generally remain- 
ing uninjured and the piles quite firm years ait ir they were driven. 

The general rule is to keep the topa of the piles about a couple of 
feet above standard low water, sometimes raising their level towards 
the shore end up to or slightly above standard high water; though 
there are. instances of dikes having been built with the tops of the 
piles at the level of standard high water for their whole length. Two 
such works were constructed in [ s !>S at Nebraska city. They are, 
however, curved in plan towards the mid-stream end, and arc therefore 
less liable to collect drift than the ordinary type of dike built at right 
angles to the stream. Again the leading row of a dike or the head 
dike i if a- system is sometimes built at the higher level for the special 
purpose of sheering <>r throwing oil' drift. 

The oscillation between high and low stages of the Missouri is 
much less than that of the Mississippi, ami a somewhat shorter pile 
suffices to obtain a good hold on the bottom than is usual on the latter 
river. The piles average about. 40 to 4,1 feet in length, and vary in 
diameter jrom \'2 to 18 inches at the heavy end to i) to 12 inches at the 
smaller end. The dikes consist of bents of piles, two, three or four piles 
in a bent, the piles of each bent being braced together horizontally with 
squared timbers bolted to them, and also further strengthened with wire 
cable diagonal braces. The bents are tied together with a top system 
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NEBRASKA CITY DIKES. 
Looking Downstream from above shore end of Dike 3. November 28. JS''/, river partly frozen ; stage, 

about standard low water. 




NEBRASKA CITY DIKES. 
View from an elevation of 35 feet above top of bank at shore end. 

below standard high ■water. 



June 21, I S^S, stage, 2*8 feet 



( i*i } 

"I wales and transverse braces bolted to the heads of the piles, and 
are sometimes further .strengthened by a middle system of diagonal 
bracing. The wire cable stays are found to be very successful and to 
add considerable strength to the work, 

The plates, opposite, of the curved dikes built at Nebraska illustrate 
i lie character of the construction followed on the Missouri River, except 
as regards the curved ends with which only two have been built. 
The effect of the dike is shown on the second plate by the accretion 
below the dike, this being the formation of one season's How in what was 
deep water along the side of the river where the channel formerly ran. 
The object of curving the ends of these' dikes was to throw off the hea\ y 
drift, to ease the flow around the ends and lessen the eddy there, 

The field cost, including foundation mattress, ballasting and nil 
I abi an- and materials in the dikes and shore revetments was $-12,200. 
The work in the two dikes is equivalent to ; H;t) lineal feet of three 
rnv dike and 800 lineal feet of two row dike, which gives a through 
i i(". of about $10 per foot run, This is, however, stated to be rather 
ft high rate for field cost of dikes on the Missouri. It was due to the 
shape of the dikes, which added considerably to the difficulty of 
construction of the foundation mattress, to difficulties in handling 
material ami to want of sufficient barges, etc. 

In his inspection of the Missouri River from Jefferson city to 
Chamois the writer saw many examples of dike construction, revet- 
ment, etc, The striking features oi' .in improved length of this river 
are the enormous accretions between the dikes, which in a few years 
become overgrown with willows and form new shore lines; the simi- 
larity of the bank line just above and helow the heads of the different 
dikes, where the resulting eddy prevents the deposit of silt ; the 
middle ground formation : and, generally, the success attained and the 
'Stent of the undertaking which the Missouri Commission control. 

The plates at the end of this chapter are of photographs present- 
ed by Mr. Waters Fox, Xos. ! , 12, :\ and 4 are excellent illustrations of 
the use of dikes as channel contraction works, and show very clearly 
the enormous deposit of silt and drift thrown up behind the dikes in 
two flood seasons, the period between the photographs being from 
October 1893 to May 1895 

Plates 5, ft, 7 find 8 show the construction and sinking of a woven 
faattruas. and the revetment of a caving bank on the Missouri River. 



SILL DAMS. 

Sill dams arc constructed to maintain the cross suction of n 
channel, to prevent its enlargement by scour, or to reduce its crosa- 
seetion. 

The projecl Par tin.' rectification of the Red and Atehafalnya 
Rivers provided fur several such dams. Two-, out of five or six project- 
ed, were built in 1888 acrosu the Atchafalaya within two or three 
miles id' its take-off from the Mississippi, with the object of prevent- 
ing the enlargement of its channel am! thus regulating to some extent 
its discharge as an outlet of the Mississippi at middle and high* water 
stages. 

The writer visited the Bite of these dams with the Mississippi 
River Commission on their tew water inspection of the river. He 
learnt that the dams have proved successful and entirely satisfactory 
in securing the object fur which they were built. They are watched 
and regularly surveyed from year to year to determine whether they 
need supplementing by other dams above' and below, it being origin- 
al lv thought that only two might not suffice for the requirement. 

The writer was inueh interested ill these sill dams and, hearing 

of their success and of the construction of works of very similar 
description in the partial closing of sloughs and chutes, he put the 
question to himself: Why can such works not be used with advantage 
in regulating the flood discharges entering the. uncontrolled mouths 
l)f some of the Indus canals, for instance the Baghar, or the (iungri 
in the Delta, or even the Xara or other such uncontrolled canals 
higher up the river '. This question is worth consideration. 

The sill was first placed across the river below the low water line. It 
< Q5iru.ii.in or sill was built of a single layer of mat tresses each J 5 feet 
D » n * wide. 300 feet long and 3 feet thick. The mattresses 

are of willow brush and poles in layers at right angles to each other 
and held together by timber clamps. They were sunk in succession side 
by side, across the river, thus forming a sill MOO feet long. That portion 
of the sill between low water and the crest of the banks was similar 
to the subaqueous portion, but it was constructed in place and was 0' 
a cheaper character. The whole was held securely in position by 




Shore of the Atchafalaya near Simmsport, Dec. J 898. 
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being ballasted with rock, 42 U>s. to the square foot of surface of mat, 
&>ur times as much as necessary t<i merely sink the mat to the bottom. 
The dam was; built up of layers of mattresses similar to those on the sill. 
They were so proportioned as to give the clam, when completed, side 
slopes of 3 to I and width of crown of 30 feet. 

Detailed descriptions with .sketches of the construction of these 
and other brush dams will be found in the Chief of Engineer's reports. 




Plate f. DIKE WORK. 

Bird's-eye View near Bluffton, Mo., showing 1 three permeable Dikes under construction. 

View taken October 4, 1893, looking down stream. 




Plate 2. -DIKE WORK. 
Bird's-eye View of same Locality as Plate 1, showing accretions formed by Dikes. 

View taken May 28, J 895. 
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Plate 3. DIKE WORK. 
A system of permeable Dikes in locality of Litrle Tavern Cre;k. View taken Octobzr 4, JS93, looking down stream. 




Plate 4.-DIKE WORK. 

View of same Locality as Plate 3, showing accretions formed by Dikes. View taken May 28, 1895. 
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Plate 5. -REVETMENT WORK. 

Showing Construction Party at work weaving Mattress for the protection of the North Bank of 

St. Aubert's Island. Looking down Stream. 





Plate 6. REVETMENT WORK. 
Showing Ballasting - Party sinking Mattress. Looking down stream. 




Plate 7. REVETMENT WORK. 
Showing Ballasting Party paving Upper Bank. Top of Paving 2'_- feet above Standard High Water. 




Revetment Work. View of completed Revetment- Looking op Stream. 



CHAPTER VIII. 

iSuba.jui'oiis Rock K\i-av:iiioii — Hot'k Blasting, Roek Islam 1 Kapida— Ada a 
Dynamite ami Blasting by Electricity — Snag Boats. 

SUBAQUEOUS ROCK EXCAVATION. 

The only place on the Lower Mississippi where subaqueous rock 
drilling and Masting has been done is on what is known as the Non- 
eonnah K<iek near Memphis. Some 350 odd square feet of rock in the 
channel there were within 3 to 7 feet of the level of the zero of the 
-Memphis gauge. 

The plant employed for its removal to the depth required con- 
sisted of a (hilling platform, pile driver, mooring barge, two flats, 
a quarterboat and a steamboat tender. 

The drilling platform consisted of a floor or platform i>h which 
tb(! drilling machine was placed and worked. It was provided at each 
end with a lit x 10-inch spud winking in a well and with an over- 
head truss from which to handle tin* tools, pipes, ete. It was floa tetl 
"ii two pontoons lashed longitudinally to the Hour frame. The {rile 
driver was used for hoisting, and its boiler supplied the steam for the 
drill. 

The force employed was composed of a foreman and diver, 
steam drill engineer, pile driver engineer, blacksmith, eook and tea 
labourers. 

A careful survey of the situation having previously been made, 
the moorine barere was anchored hv wire cables and Chinese anchors 
SW) feet above the upstream edge of the work. Then with the aid of 
,, . the pile driver hoisting machine the pile driver, 

flats and drilling platform were swung into place ; 
the spuds of the platform were then lowered and the platform weight 
thrown on them by means of ratchet- fixed to the spuds and floor of 
t'-c platform. 
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The location of the platform was fixed l>y instrument from the 
shore, the area it covered being sou nde< lover every 5 feet find compared 
with the soundings of the previous survey. 

An iron pipe 4 inches in diameter and of length sufficient to projeei 

I L'-iiiclii's above the water surface was .stood on the 
Drilling. . . . , . . . , , 

iinttuin, rammed onwti thi'Niiirii the sand and made 

last at its tup I>y lim-s leading in tlie floor timbers. This pipe was to 

prevent the holes to In 1 drilled being tilled with sand. The drilling 

tool 2|~inch iii diameter was then placed inside the 4-inch pipe, the 

drilling machine shipped up over it and connected with tlie tool and the 

drilling started. The holes weredrilled about i\ feet deep. After the lirst 

hole was drilled tlie machine "as moved over a second 4-inch pipe and 

drilling proceeded with there. In the meantime the first hole was washed 

out by an hydraulic jet set inside of the 4-inch pipe, and a cartridge of 

l£ lbs. dynamite, with proper exploders and insulated electric wires 

attached, was pushed into the hole through the 4-inCh pipe which was 

afterwards raised and removed, These operations continued all day, 

then at its conclusion the platform and pile driver were hauled up 

near the mooring barge and the loaded holes exploded hy ail electric 

liattery. 

During a working day with one drill at low stage of water nine 
holes are reported to have been blasted; while with high stage the 
number was a- few as six. 

The survey made after completion of the work showed that 30,000 
square feel of rock had been disturbed and 2,n:to odd cuhic yards 
destroyed. The cost was §4390*00, giving a rate of $1 *88 per cubic 
yard of rock drilled and blasted. 



KOCK BLASTING KOCK [Si, AND HA PI OS 

On* the upper Mississippi, on the Rock Island Rapids and in their 
neighbourhood, a good deal of sub-flqaeoua rock excavation has Keen 

dune of late years as part of the channel improvement Bars have been 
lowered and navigation deepened to four feet at low water in lone 
lengths where formerly there was only one to two feet depth of 
water. 

The rork excavated is a hard white limestone sometimes mixed 
with conglomerate and, as the water is shallow and the work is 
On rapids tailing into pools, the conditions are probably as difficult as 
any to be found in the country. The work of the past ten years may 
be mentioned as a good example of the successful use of drill boats 
on rock blasting in shallow water. A quantity of about 14,000 eubic 
yards of rock was blasted by two boats during the seasons of \S ( .H]-[iT, 
The cost of blasting and removal was s"t4,rO0 or $3*90 per cubic 
yard. The quantity of dynamite used was :]:!,()()() odd lbs,, about 
-'4 lbs. per cubic yard. 

The writer inspected the plant at Rock Island and gathered 
much useful information from Captain Townsend, the officer in 
'•barge of the district, and from Mr. Gordon, the foreman who has had 
charge of the blasting operations for several years past, most of which 
is included in the following notes, 

A Special drill boat, Xo, 108, was built in 188D for this work. 
.. „ _ She is made of pine, fitted with longitudinal boo 

hnll limit.. I ■ j> i 

chains to give stiffness, and is 80 feet long, 22 feet 

broad, with four feet hold and draft of 22 inches. A small cabin 

incloses the hoik']' and part of the machincrv. Th-j boat is fitted with 

toor anchorage spuds, one near each corner, worked by means of cranks 

and rack and pinion gearing. 

There are two steam capstans, one near each end, providing 

"ueans ( ,f readily moving the boat either into place or to avoid a blast 

"'' passing raft. Five anchor lines are Used, one bead line and four 

side lines, J M shifting position, the spudfl are raised and the sidelines 

U> "'l t0 |,ri„„ (J,,. I,,,.,, j )|t0 J,);,,,-, 
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There are two .".loam drills running on travellers on one side o| 
I In ■ boat, si i that tin' boat hanging by its lirad lines can be swung 
across a patch of rock and the drills he made to cover a width ol 
56 feet on a single range. (See plan opposite for details of the SCOW 
ii ml the above arrangements.) 

In drill boat No. (I, built some three or fouc years Inter than 
Improvement* No. 103, the position of tile spuds on the drill side 

i " lvis:kU "- of the boat is set hack iii line with the cabin to 

allow of the drills having a travel of the full length of the boat, On 
N<>. 10.3 the length of the nm is limited to 50 feet, admitting of only 
thirteen or fourteen holes being bored at 4 feet intervals. On 
No, (!, which the writer carefully inspected, the length of travel 
admits of eighteen holes being bored hi one line without shifting the 
boat. Instead of having a rake at the ends, it is better to have a flat 
or level top to facilitate the movement of the drill carriages and to 
keep the holes vertical. 

Another point worth noting is that a full 2 feet space is advisable 
between i he outside of the cabin and the drill carriage. It is prefer- 
able to reduce the inside width of the cabin rather than to limit the out- 
side spuee on the drill side. This is h fault found with nearly all of the 
drill boats seen by the writer both in Canada and on the. Mississippi. 
The men generally expressed a wish for a little more room, and a^ it 
adds to the buoyancy the extra width maybe given with advantage. 

BO X 23 Or - -I feet 19 It good size for the boat. 

A small compact boiler and n good pump for washing out the 
holes are necessities. Two small tlats for loading holes arc found 
to be a great convenience. They permit of the men working while 
loading and connecting the wires with greater freedom and nearer the 
water surface than if these Operations were done from the drill boat. 
A large size battery capable of tiring double the usual number of 
holes is recommended, as a weak battery is a great nuisance. 

The first drill boat, Xo. 10", originally cost about 82,500 -Of) 
using however old plant, boiler and drills, etc., in 

I'.Wl lit' lll'ill ll.lilt. . . rill , i I i !■ I i . 

her construction. I hey have neon replaced ot lute 
years and her total cost to date is put down at about sj.onOnu. JJoal 
No. G built later has cost somewhat less, Anew boat with new 
machinery all through, it is said, could he built at the present time 
for about the same money. 
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'rin' distance to which the boal is moved when firing a blast is 
from 20 to mo feet according to the amount of ex- 
plosive used. Hit.' hitter is considered sate lor 
heavy blasts, though at times stones of from 10 to 30 or 40lbs, weight 
have been thrown over 200 feet. (These remarks apply to blasting in 
shallow water. In depths of 14 feet andoverthe blasts araoften 
fired without moving the hunt at all.) 

The drill points are star shaped, 3| inches across, and are made 
from 1 i inch octagon east steel. The holes are drilled to a depth of" [>},- 
feet below low water level to obtain a depth of navigation of 4 feet. 

The channel to be excavated is marked out with buoys and range 
poles to facilitate location of the drill boat, and she is kept in correct 
line with the assistance of other range poles on shore. On being 
placed in position, and fixed there by throwing her weight on the 
spuds, drilling is proceeded with, and when a line of holes is com- 
pleted they are cleaned out with the pump noEsIe and loaded. The 
boat is then moved hack and the charges fired by electricity. 

A dipper dredge of ordinary pattern works over the blasted area 
removing the broken rock and noting high [joints left. Finally, the 
channel is swept by rails towed along the bottom and if necessary the 
*liill boat is ordered back for a final cleaning up of isolated .spots found 
shove datum. 

Tlie explosive formerly used was known as Xew No. 1 dynamite, 
containing 50 nitre-glycerine and other explosive 

Explosive*. . ,, . '. ' , . , , , • i i 

ingredients, the size oi cartridge being '1 inches long 

»y2| inches in diameter and weighing about £lb. each. The charge 

Varied from two to four cartridges according to depth of the hole and 

the hardness of the roek, one pound being sufficient for a 30-Hieh hole 

"i *oft rock and If, to ilhs, for deeper holes ami harder rock. 

Then a special powder called " Raekaroek" was used for several 
>' ,,;i t's and latterly Aetna dynamite. In the top cartridge of each 
cuarge is placed an exploder with 8 feet wires serving to connect 
"Ml the charges with each other and with tlie battery wires to complete 
the ein-uit. 

In loading, for convenience in handling the charges, etc., a small 
'at boat '20 feet I«m« by 6 feet with- is brought alongside, A copper 
i"!"' ; U inches in diameter, having in it a continuous slot about 
S men in width up one side, is used for guiding the pump nozzle to the. 
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hole and for charging it, the slot being provided to admit of the passage 
of the exploder wires and removal of the pipe after a hole is loaded. 

After the holes have been loaded and the exploder wires con- 
nected the drill boat is moved away to a safe distance then, ami 
not until then, the leading wires are connected with the battery, 
and the blast is fired. If the connecting wires become detached or 
a misfire occurs from any cause, the boat is swung hack, the wires ore 
picked up and examined and, if found intact, the failure is attributed 
to the exploders, and another round is made up of a single cartridge 
and exploder for each hole. 

Fifty to 60 ' of dynamite is preferred for hard white limestone. 

A lower quality is possibly preferable for hot 

climates, allowing more saw dust or whatever 

absorbent is used in the manufacture of the explosive, A powerful 

" exploder" is advised ; that in use is known a* " The Triple." 

The Aetna dynamite is packed in Much pine boxes holding aUlbs, 
each. t,000 to 1,500 lbs, is stored at one time on a flat, in a house of 
inch boarding about 12x7* 6J feet high, the boxes being placed on 
shelves. The magazine fiat is anchored about a quarter of a mile off 
from the drill boat. The exploders are about 1.L inches long by { inch 
in diameter, fitted with wire, and are packed in small eases. They may 
he stored nearly anywhere on the drill boat so long as they arc kept 
away from the neighbourhood of the dynamite. 

The plant Used consists of a drill boat, coal barges, two Hats for 

loading, one-quarter boat, one cook ami messing 

I'lalil. ■ „ i i 

boat, one magazine Mat and one steam tender. 



AETXA DYNAMITE AXD BLASTING BY ELECTRICITY. 

The following description of Aetna dynamite, its strength and 
use, etc, is extracted from a publication issued by the manufacturers) 
Chicago, 

Ai'tna dynamite is put up in strong paper shells or cartridges, 
which are packed in pasteboard boxes containing lOlbs, each. Five 
of these boxes are inclosed in a wooden case which can be conveniently 
handled and shipped 

Very erroneous ideas are entertained as fco the danger of handling, 
„ „ ( storinjj and transporting hi<di explosives. The 

manufacturers claim it is a fact susceptible of the 
must indisputable proof thai Aetna dynamite is much safer in every 
respect than common powder. It may be thrown from any height 
and will withstand any shock in handling or transportation, such as 
the collision of cars, etc. Its explosion is effected by means of a strong 
blasting cap, 

Aetna cartridges are 8 inches long, unless otherwise ordered, and 
a aOlbs. ease contains 40 cartridges of 13-inch diameter. 

Bnuuls ond Grades It is divided into grades as follows : 

No. 4. 'Jo. nitro-glyeerine, suitable for clay, shelly rock, and light work. 
^V 3. 277 

"o. 2. lo u >} hard work, lead and other ores. 

No. 2xx. 50% nitro-glyeerine, suitable for hard roek, ores and iron. 
• s " 1 - I. 60% ., ,, extremely hard rock, ores, 

No, l\x. 70^/ f> rj breaking iron and steel and 

for submarine blasting. 

The method in use for exploding Aetna cartridges is by safety 
'use inserted in an explosive cap made expressly for the purpose and 
Bred as in ordinary blasting or by means of electricity. 

The number of cartridges desirable are fixed for the charge and if 

the diameter of the holes is too small to permit 
<"-tieral Directions, „ . . , , . ■, i i • ± ., 

ot the cartridges being easily pushed into them 
the cartridge* may be divided lengthwise or cut into small pieces and 
''■'tmnietl into the holes to the required amount. If water is standing 
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in the li"]».'s it is best tn preserve tin' paper of the cartridges and use 
cartridges of the diameter nl* the bore holy. 

When several cartridges are used, tho last placed in the hole 
should contain an exploder or cap with a fuse attached. When but one 
cartridge or loose dynamite is used, a piece of cartridge '2 <»• n inches 
in length witli an exploder or cap attached should be pressed firmly 
mi t<>p of the charge. This is called the primer 

The aim mut of dynamite necessary to do good work varies 
according to the depth and size nl* the hole and the character of 
the work, hut experience sunn leaches the proper charge tn be 

Used, 

Safety fuse is made in lengths of 50 feet neatly coiled and el' 
different grades. Double tape fuse is suitable for 

Materials , *" „, , . , , 

wet work, triple tape ruse can be used with cer- 
tainty and safety under water. 

Great economy in the use id' dynamite is assured at all times by 
using a cap of sufficient strength. The cost of the cap is so small 
as compared with that i>f preparing the hole and the dynamite used 
that mme but the very best should be selected* 

To remove submerged logs, stumps or piles or wrecks it is desir- 
able, when practicable, to eon line the charge in bore 
Blasting uniler Wulcr, . . . ' |t , , , 

holes maile by Using long handled ship augers. 

When this cannot he done a pule should lie driven into the bed of 
the stream close to the object tn be blasted. Then the desired 
number of cartridges are tied together and attached to an iron ring 
after placing a cap with fuse attached or an electric oxploder in one of 
the cartridges. The ring is then slipped over tin* pule and the charge 
sinks to the bed of the river. It may be tired by using waterproof 
fuse or by an electric battery from the shore or a steamboat. For work 
of this description No, I or No. iw Aetna should be used. When 
detached or projecting masses of rock have to be broken up it is suffi- 
cient to place the charges upon them, using a larger quantity oi 
explosive than would be necessary if bore holes were employed. 

[ron should nut he used iii lamping ur in making a hole ill the 
cartridge for the primer, imt that accidents have been known to occur 
from the use of iron, but because wood answers the purpose equally 
well and is recognized as being sale, Tamping bars used on drill boat 
operations are therefore of wood. 
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i Saps or exploders should be stored ami carried apart from the 
dynamite. [{ these directions are observed an accident heed not be 
feared, 

Dynamite freezes at 12 degrees Fahr. and when frozen is either 

nnexplodable or unreliable and must be thawed 

' "I'luwili"" 1 before using. Serious casualties happen from 

attempting to thaw dynamite too quickly. This 

must ho done .slowly. The host way is to keep the stock on hand in 

a place that is always at a temperature above 42 degrees ; if up to 

80 degrees so much the better. The best [dan of thawing is to use a 

thawing kettle made expressly for the purpose with a space for warm 

water outside and a thawing chamber inside. 

The use of electricity in -booting blasts either of powder or 
dynamite commends itself to all who have sufficient 
work to justify the tost outlay (tor the necessary 
Apparatus: first, by reason of* its absolute safety ; and secondly, because 
the entire and combined strength of the explosive is secured by firing a 
number of holes at exactly the same instant of time. To blast by 
slectrieity one must have a Magneto machine, enough insulated 
copper leading wire to reach from the machine to the blast, a few 
feet of connecting, wire ami a few electrical exploders— one for each 
Me, with wires a little longer than the depth of the bore hole. 

The sketch in the mar- 
gin represents the manner 
of connecting the holes 
for tiring by electricity. 
It is called "connecting 
in series" and is the sys- 
'•'ni OOmmonly adopted. 

Tlie distance between the holes should be about equal to the depth 
of the holes. The electrical exploder should be 
placed in the centre of the explosive or in the top 
Qartridge and ils wires should extend about L2 inches above the 
""■"fh of the hole if in drv excavation, or if in subaqueous about the 
s,L 'iio distance above the surface of the water. Care is necessary in 
tamping that the insulation of the wires be not cut or injured. 
When the holes to be fired at one time are loaded and tamped, the 
1:111 hot the | wo wires in each ln>le should be separated and by the use of 




ttlrfcttonx. 
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connecting wire one wire of the first hole should be joined with one of 
the second, the remaining free wire of thesecond with one of the third, 
and &o on to the last hole, making a continuous connection between the 
holes and leaving a free wire at each end hole. AH connections should 
be by hooking and twisting together the bare and clean ends. More 
failures occur from improper connections than from any other cause. 

The charges having all been connected the free wire in the first 
hole should be joined to one of the leading wires, and the free wire 
of the last hole with the other of the two leading wires extending to 
the machine. The leading wires should be long enough to reach to 
» point at a safe distance from the blast. 

Everything being ready, and not until all are at a side dis- 
tance from the blast, the free ends of the two leading wires should be 
connected to each of the two get screws on the machine by passing 
the ends through the holes in the set screws and bringing the thumb 
nuts firmly down upon the wires. 

To tire the blast, if a Smith machine is used, the handle is lifted, 
then pressed down with increasing acceleration till the rod strikes the 
bottom ot the box. This completes tin.- whole process; the current 
which has been generated passes through the outside circuit and the 
blast is tired. 

The Act tui electrical exploder consists of a copper shell about 

I. 1 , inches long hv j inch in diameter, containing tin- 
Elcotricnl Exploder, " . . '. , . , „ ,-. , '. 

charge ot explosives emu posed mainly ot fulminate 

of mercury. Two copper wires having a cotton covering enter the 

shell through a plug and are connected at their ends by a very fine 

platinum wire soldered to them. 

The heating of this platinum wire to redness or combustion by 
the passiige of the electric current causes the explosion of the charge. 
[11 deep Water the wires are sometimes covered with gutta-percha, 
but this covering is not needed for genera] work in shallow water. 

Several different types of blasting machines are used ; that seen 

KU,-iric«l Blas.u,, b y thc ' wriU ' r - a ve *7 enmpact One weighing only 
Machine*. 20lb& odd and occupying less than half a cubic foot 

of space, known as the Smith Blasting Machine, is recommended. 
Its price, of capacity for 20 to 40 holes, is $o0'()0. It is constructed 
on the Wheatstone and Siemens principle, having a magnet of the 
horseshoe character of iron wuund with coils of insulated copper wire ; 
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liot, wee 11 the poles of the magnet there is fitted to revolve an armature 
of cylindrical construction carrying in its body other insulated wire 
coiled longitudinally as to the cylinder, 

Tin; rapid revolution of the armature by suitable means generates 
and sustains in the machine an accumulative current of voltaic electri- 
city of great power which, at the moment of its maximum intensity, 
is switched off to the outside circuit in winch arc the exploders, and in 
thi' interior of each exploder the ignition is instantly accomplished. 

The following simple directions are sufficient for its use : Lift the 
tooth rod to its full length, then press it down for the first inch of its 
stroke with moderate speed, but finishing the stroke with full force, 
bringing the rod to the bottom of the box with a solid thud, and the 
blast will he made. 

Leading wire is made in coils of 500 feci. It 
is usually cotton covered, but gutta-percha covered 
wire is also furnished. 

The connecting wire is a pure copper wire of the same size as 

the exploder wires, sold in coils of about one pound 
corjnoeting h in-. • 

weight, containing 250 feet length each. 

Insulating tape is a useful and convenient article for covering 
hare wire Joints in Masting, either on dry ground 
or unilcr water. Its composition is Ukonite- a 
superior insulating compound. It makes a waterproof joint and can be 
applied instantly. The heat of the hand will cause it to stick fast to 
the hare wire, and it cannot he removed except by cutting it oft". It 
i*put up in \\h, packages in widths of£ to J inches. It costs but 
8 trifle and can be recommended to all blasters for covering bare 
connections. It j s manufactured by the Okmiitc Company, Limited, 
W, Parle Row, New York. 

, .,, 1)|1(|U< The manufacturers' prices for an outfit suitable 

for use on drill boat work are as under : — 
Smith's .MujriH,to BlustiiiL,' Machine size No. i, canucity 

20 to 40 holes ... ... ••• ••• $50-00 

I Aetna Heel anil Oil ,1« .,. -■• --• 9*00 

40lbs. connecting wire at 40c. per lb. ••• ■•■ H>"00 

$75-00 
One lb, in weight or 250 feet length of connecting wive suffices in 
^hallow water for about 25 holes, and iOlbu. for about 1,000 holes. 



SNAG BOATS. 

There is a great variety of snag boats in use on the Mississippi and 
its tributaries ; t'vw have been built in the river where they are now em- 
ployed, and there !s therefore some difficulty in obtaining descriptions 

of those one meets. On the lower river, the "Macomb" lias been 
employed for several years past, regularly patrolling and removing 
snags, wrecks, etc., according to requirements. The H Wright" is also 
employed on the main river. Both of these boats might be called 
mammoth machines as they are capable of handling snags of practically 
any size and weight, and an instance is mentioned of a locomotive 
having been lifted bodily out of the river without any great difficulty. 
On the Missouri, the " Stiter, 7 ' another large and very efficient machine, 
has been employed for some time. The cost of these boats approximated 
S 100,000 each, rather above the figure Government are prepared 
to spend on the Indus Kiver on a snag boat, and descriptions of 
them may therefore be omitted. 

The "Beeee" has a steel hull and COBt about 81)0,000. Work- 
ing down to smaller boats suitable for removal of light snags in shallow 
water, the Wichita lias been specially recommended. 

The Wichita was built in 1881, being designed specially for use 

on the Arkansas. She is 125 feet long, 26 feet wide 
Snn£ linn w lehita, ... ' . 

With 3 feet depth of hold and draws I. 1 ) niches ot 

water. Her accommodation is sufficient fur a crew of -."> officers and 

men with their outlit and supplies. 

The boat is propelled by two engines, i^ inches diameter cylinder 

and .'1 i'eet. stroke-, supplied with steam from two boilers :i(i inches in 
diameter and 16 feet long, with four lap-welded lines in each, two 
8 inches and two io inches in diameter. The hoisting power i* 
supplied by a steam capstan, with double reversible engine 6 inches 
by 12 inches. The spindle is steel, 5 inches diameter. The power is 
applied through a crane capable of lifting between 40 and 50 tons. 
The outfit of rope, tackle, saws, axes, Ac. is complete. 








Sna£ Boat. 
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Tliis boat is reported noil adapted to her work. She is stated 
to have cost about $12,000, A view ofher is given opposite. 

Small snag boats for the Wabash were built in 1880 which cost 
Wdi.n-1, ujvi-i ■ s mii about 87,000 each, mcjnding all appliances ready 
for work. Tiny arc reported to have removed 
snags up to lUi tons in weight. 

The hulls are of pine, 120 feet long by -4 feet wide am- 1 4. 1 , feet 
deep, They have two longitudinal ami three cross bulkheads for the 
double purpose of stiffening them ami preventing them sinking when 
punctured by snags. The draft of water when coaled is 22 inches, 
and they liave a speed in still water of about Bj miles an hour. 

i'he power capstan is driven by an engine having G-inch cylinders 
; "ai 12-ineh stroke, geared to give 27 turns of the main shaft to one 
"I (he capstan. The power may still be further multiplied by blocks 
'out tails which depend from shears on the bow. The boilers areeach 
22 feet long, ;!lj inches in diameter, and furnish steam for both the pro- 
pelling and hoisting engines. The cabins are plain and suitable for the 
accommodation of working men. 

ihesc boats are easily handled, not expensive to work, and can 
'"tin in very little water. Their bottoms are strengthened by longitu- 
Quia] oak planking and plating of iron. 

Mention may be made of the Suter as an example of the larger 

boat which is provided with what is known as a twin 
twin Bow, . „ in » i- 

bow or "1 t-iack pattern bull. An adjustable 

e nam is provided across the bow which, when about to attack a snag, is 
lowered on the bottom, the boat is run forward and picks up the snag 
which is then lifted to the surface and landed on a cross beam, after 
Which the snag can be sawn into pieces and removed with great 
facility. This twin bow arrangement seems very advisable on any 
efficient snag boat for heavy work. It is nut provided on most of 
the smaller snag boats built in former years. 

The length of the Sulci- is 189 feet over all, with breadth amid- 
ships of 77 feet. The engines arecomponnd oscillating and condensing. 
r i i i . . ft . v 

J- no Jijorh pressure cylinder is *_'o inches in diameter, and low pressure 

Oil"' " 

'* L < With a stroke of | feet, Boilers arc 42 indies in diameter, and have 
f°ujp Hues, each P. f , inches in diameter. The cost of operating her 
ls "'"Hit 84,000 per month. 



CHAPTER IX 
l)roi]<r C rs and Dri'daing — Hydraulic Piles — Dredge capacity tests made in 1<S1M — 
General remarks and comparison ot Dredges— Preliminary Specification Cor 
targe Dred<f" Indus—Self-propelling Dredgers — Small Dredge Indus. 

DREDGERS AND DBEDGING. 

The writer approaches this snbjecl with some diffidence. It has 
indeed been one of the most difficult the Mississippi River Com- 
mission have had to consider, and of late years it has been a subject 
i>f special study and experiment. It must however be borne in mind 
that tin* object of these notes is to record information tlmt may prove 
useful to Engineers in India in the conditions there prevailing; that 
an attempt is not made to give a complete history of the work on the 
Mississippi, hut rather to note merely on such of the practice of 
Mississippi Engineers as may he helpful to the Indi.'in Engineers, 
particularly of the Indus River. 

If the Mississippi Commission had commenced (heir research in 
this direction n few years earlier than they did, ii is quite possible thai 
they would have designed by this time an approved pattern of ma- 
chine to h't particular conditions but, as their experiments have only 
covered a few years, evolution is still going on and, though very satis- 
factory resultshave been attained m certain directions, there arc still 
several features of importance on these enormous dredges (of capacity 
of from l,i)oo to 2,000 cubic yards per hour) which may be considerably 
modified or changed before it can he said that the dredge finally 
adopted is the very hest obtainable for the requirements, 

The end may, however, be said to be in sight, most successful 
Ur.Otritenon wiihta MMlUa having been obtained, ami a sttnly of the 
""'' l '" progress made in the last few years will well repay 

the time given to it. Fortunately, Mr. ( tekerson, member of the Missis- 
sippi River Commission and formerly Assistant Engineer in the Secre- 
tary's nfiiee, has written a clear and concise history of the developm©^ 
of "Dredges and Dredging on the Mississippi River/' and the writer 
proposes, as the hest manner of studying this subject, to condense 
and extract Mich descriptions as will help to bring our knowledge o\ 
the Mississippi dredge up to the present lime. 




CAPACITY TEST, U. S. DREDCE "EPSIEON," March 14, 1&<?S. 
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For the purpose of his paper, Mr. Oukerson divides the Missis- 
sippi River into four lengths or sections, triz. : (l) That portion extend- 
ing from the Kails of St. Anthony to the mouth of the Missouri, 7 12 
miles ; (2) from the month of the Missouri ti< the head of the alluvial 
basin, practically to the mouth of the Ohio, 210 miles; (3) from the 
Ohio to the mouth of the Red River, a distance of 750 miles; and (4) 
from the Red River to the Gulf, a distance of 310 miles. 

The particular characteristics of the several lengths mentioned 
will have he-en gathered from previous notes, hut it may be well to 
briefly mention them again. In the first length the water carries but 
little sediment ; bank erosion is slight ; navigation is usually suspend- 
ed during the winter ; the low water slope averages about 0'5 per mile ; 
the low water discharge is about 25,000 cubic feet per second, and the 
high water about 350,000 cubic feet per second. 

The second reach is the first to take up the enormous load of sedi- 
ment brought down by the Missouri ; here permeable dikes are at their 
best, as immense deposits are easily induced ; the banks are somewhat 
higher than in the reach above; the extreme oscillation between high 
and low water is about 3G feet ; the low water slope averages - C per mile; 
the discharge varies from 45,000 to 850,000 cubic feet per second ; low 
water on the bars, until lately, gave a depth of navigation as little as 
4 feet; overflows are infrequent, as a conjunction of the floods of the 
Upper Mississippi and Missouri is uncommon ; sand bars are numer- 
ous and crossings frequent. 

The third reach is through deposits which have been built up and 
torn down repeatedly ; in places it is exceedingly crooked, as near 
Greenville; the caving reaches enormous proportions, especially at 
about, the middle third of the reach ; the oscillation between the high 
and low stages reaches 53 feet odd ; banks are high : overflows arc 
frequent ; liars which obstruct low water navigation are not very 
numerous ami the depth rarely falls below 5 feet on them, while the 
greater part of the river has water of ample depth to satisfy demands 
of navigation ; low water conditions which interfere with navigation 
rarely exceed four months in duration ; the low water slope averages 
about 0-35 feet per mile ; floods usually occur in February or March 
and low water in September to December ; some of the bends have 
depths of over 100 feet ; and the discharge varies from 05,000 to 
nearly 2,000,000 cubic feet per second. 
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In the fourth reach the channel is narrow and deep, the banks are 
tolerably stable and sandbars as obstructions to navigation arc almost 
unknown ; the oscillation between high ami low water at the upper end 
is 50 feet odd, but it tapers down to nothing at the (lull'; destructive 
Hoods invariably come from the Ohio, augmented at times by the 
tributaries below its mouth. 

" The characteristics of the reaehes described are pronounced, and 
they differ bo widely as to make the improvement of each a problem 

by itself. The last named reach should perhaps have terminated at 
the head of the Passes instead of at the Gulf, 12 miles farther down. 
Where the current of the river meets the slack water of the (Jul!" of 
Mexico bars are formed which require special treatment." 

Ridges of sand are found on what steamboat men call crossings ; 
Snn.l Burs as oijsiruc- that is on the channel followed by boats when eros- 
tn.»s i.. navigation. slug from a poo] tying in it bent! along one bunk to 
the pool in the beiul of the opposite bunk below. " These bars may 
be piled up to such an extent that during a high or even medium 
Stage their crests may be several feet higher than the surface of the 
water at low stage. The thread of the channel at high stages does 
not follow the low stage channel, but crosses and re-crosses it." 

The problem for consideration on the Mississippi is the opening 
of channels between successive pools. Whatever is done in this way 
is merely temporary, answering for one low water- season only, as the 
next flood probably changes the thread of How to such an extent as to 
cross the open channel and obliterate it "So far the problem seems 
simple enough. The only thing necessary is to cut through the reef 
composed principally of loose sand ; but there are other difficulties 
familiar only to the engineer who has been taught by long observation 
and experience. While this artificial cutting is going on, nature is 
doing some cutting on her own account, but on such a gigmitic scale 
that the work of the largest centrifugal pumps seems insigni Meant. 
By the time the engineer gets what he considers a dredge of enormous 

capacity into position to open a cut nature perhaps changes 

her mind and opens a channel of her own; or what would 

be worse, throws such a volume of deposit over the bar that the 
dredge cut is tilled as fast as the material can be removed. It 
is this tremendous volume of material that is moved along the 
bottom bv the current, complicated by unforeseen subtle changes ill 
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(Erection and force of flow, thai often mucks the best efforts of the 
engineer," 

Mr. Ockerson gives a history of the different devices which have 
been tried in former years for the improvement <>f the channels of the 
river. He divides them into four general classes, ri:., Stirring and 
Scraping, Current Deflectors, Jets, and the Suction Dredge. A 
perusal of his description leads to the conclusion that few of these 
devices were of any practical use in improving navigation, with the 
exception of water jets and auxiliary devices, and they were inadequate 
for the requirements. 

Then in November 189! tin- Mississippi Commission, in response 
-Vi itmcm ,.i ,i to a representation from the steamboat transpor- 

^aroithwtofiltuiy and .. ,- , , a . T . . , , ,, *\ 

lv i">i' mii :i j.vmj.vi i,,i tmioji hues below bt. Louis, appmnted a Committee 
of two "to study the subject of the construction and 
Operation of such appliances for dredging as can be applied to the 
deepening of the Mississippi River over the bars in extreme low water," 
• ...and "prepare and report a project for the construction of a dredg- 
ing boat of as large capacity as can be handled in the channel of the 
Mississippi River at low water with safety and convenience." 

It was represented that if the relief for low water navigation 
depended upon the completion of the permanent improvement work, by 
we time it came there would be no traffic. The Commission up to 
this time wcrv operating under a law which required them to prepare 
a plan to permanently locate and deepen the channel, and had omitted 
temporary expedients from their operations, but they were beginning 
to realize, as has been stated elsewhere, that the permanent improve- 
""■'it. of the channel by continuous hank revetment would require a 

number of years for c pletton and that the practicability of the work 

would involve a very heavy expenditure and probably special cultiva- 
tion of willows and, as a supplement to their continuous bank 
revetment work, they were therefore prepared to undertake the 
investigation of the use of dredges on temporary improvements across 
I Jars. 

Colonel Suterand Mr. Henry Find were appointed as a committee 
"" this question. After a thorough investigation of the matter, they 
included that among the various devices for temporary relief dredging 
^ {ts the only means which held OUt a reasonable promise of success. 
u, *d they recommended the construction of an experimental dredge, 
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This experimental ilmlgc was ripiijipi'il with nn ISilwnnls 

!•:,,„, mt»i iteip centrifugal pump, having a curved drag-auction, a1 

one riiil and iin AUb-Keynoklg screw pump, having 
a straight suction with j ft agitators, at the uthur end; tin.' ohjoct being 
to make practical tests of the efficiency of the different devices. The 
pumps, engines ami boilers were designed by their respective manu- 
facturers. 

''The Edwards pump runner was £ feet 4 inches in diameter and wag 
operated l>y a compound non-condensing vertical engine, with cylinders 13 and 27 
inches in diameter, respectively, and with 20»inch stroke. The suction and dis- 
charge were each 30 inches in diameter. The A 11 is- Reynold* pump was operated 
by ;\ com] ound non-condensing vertical engine with cylinders 8 and lf> inches in 
diameter and with 12-ineh stroke The suction and discharge pipes were eaeh 
;-i(l inches in diameter. The jet pump was of the Allis-Heynolds pattern with 
suction and discharge IS Inches in diameter. This pump operated six jets 2A 
inches in diameter under a head of about 20 feet. By tins means the material was 
loosened and divided up so as to enter the suction of the sand pump thoroughly 
mixed with water. 

"The steam for the varices pumps, etc., was supplied from four boilers, 38 

inches in diameter and 28 feel long, of the type in common us tin- Mississipp 

River steamer*. Hoisting apparatus was aim provided for raising and lowering 
the suction and moving the dredge. 

** The above-described machinery was mounted on a wooden hull [30 feet long, 
ill! feel wide and t> feet in depth. The dredge, in working order, drew abottl 
& feet of water. 

" The material pumped was discharged through a floating pipe-line made 
n 1 1 of sections of pipe 3'A feet long concerted by means of strong rubber joints 
and iron coupling bar*. An air chamber on each side of the discharge pipe 
served tn float it when loaded with 10% or less of sand. 

•■The experimental dredge was erected under the immediate supervision of 
Mr. Flad in the Fall of I*! 1 ;!. Test- were begun in November ami continued 
tbronghoul the Winter and the following Spring. As a reauli of these tests the 
Allis-lu'vitolds pump at the )>uw of the boat was found deficient in engine power, 
and the drag suction at the stern of the boat ronld not be manipulated so as to 
give a regular and satisfactory supply of material. The Edwards pump g»V< 
good results, and the jet agitator faction bead was found to be satisfactory. The 
jet i mm p required extensive alterations before the required results could be 
seen red. 

"The buoyancy of the floating pipe-line was too small, and great care was 
required i ■ ■ prevent -inking the pipe- l>y getting an overload of sand in litem. 

"Another unexpected difficulty developed in the usr' nf these pipes. Win 1 " 

swinging freely in the current with i Jn* lower end open, and the pump running, 
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the pipes would kink up at tie joints. After experimenting with jets, discharging 

in air ami water, the conclusion was readied that tbe kinking was due to the 
centrifugal farce of die Sowing witter acting at the flexible joints of the pipe, 
rhat is to say, when the pipe swings freely in the current, it is never straight, 
and any \h'iu\ met with by the water Sowing in the pipes at a high velocity is 
naturally exaggerated. This difficulty wag fully overcome by attaching a baffle 
plate to the last section, u short distance from tlie end nf the pipe to receive the 
impact of the discharge. By shining this baSie plate so thai tbo discharge strikes 
it at an angle, the pipe-line can be deflected to the right or left 

" The experiments bad solved many of the difhVnlties ; the Allis-Ueyuolds 
pinup and the drag-suction were discarded, the Edwards pomp was shifted 
and attached to the jet suction, and subsequently a cabin was built for the accom- 
modation of the crew. This dredge, the Alpha, was ready for use on removal of 
sand hues on the tower Mississippi Itiver during the low- water season of iH'Jii, " 

The tests made during these experiments included the determi- 
nation of tin; capacity of the dredge. A in ensuring barge was 
fitted up with suitable valves to be attached to the lower end of the 
discharge pipe where the discharge could be deflected into the barge 
tor a known interval of time when the running conditions were about 
normal A special barge was built for this purpose, stiffened with 
trusses, with special floor, tight bulkheads, gate valves, bins, etc., 
all of which, with the method of making the test, are described by 
Mr. Oc-kerson, and need not at present be followed (jut here. 

A new pump similar to that on the Delta, With a u'b'-hich runner, 
38 inches wide, was put in the Alpha in 1897. 

The '■ Beta " was the next dredge constructed, 

"This dredge (built by .Mr. Linden 15ate^. of l 'hi. -ago) has two independent 

„ divdi'inj' tnuehinea complete fnim suction to end of discharge 

pipes, file sand pumps ure ol (he rent nlugal pattern with 
tunnel* 7 feet in diameter and wiih 8 arm- in each runner. The suction for each 
pnmp is &'A* inches in diameter, arid i> <plit near the pump so that the water enters 
the easing from both *idas, The discharge for each pmnp U from a single ay-inch 
I 11 !"' leaving the pump chamber from the top. Tin 1 suction for each pump divides 
"ear the forward end of the hull itn<> (hive suction-, each 1W inches in diameter. 
A east-iron elbow is riveted in the hull at (he how tor each of the three branches, 
which arc provided with elbows of hammered cupper g inch thick, and these work 
in the iron elbows and form a radial, telescopic joint The axis of rotation is the 
centre of a 7-inch shaft supported on brackets at tic how of the boat. The elbows 
:u '" < , imceiitn'e w Mil this -haft. I'ln-c thtve -m-nuii- are iratne.: [.."ether and ("■in be 
raised or lowered, as one piece, through a depth of 20 feet, 

" Each of these suctions is provided with a vertical revolving cutter, ~> feel in 
'aanu'ter and a feet long, with 1- nickeb-teel blades on caeh outtor. These serve 
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to loosen up i lie material so that it will readily cuter the suction. They are 
spaced li feet :i|i!ii*t from centre to Centre, There are six of these revolving cullers 
I'or the two [rumps. They arc driven, through a system of spur gearing, by a 
cross-compound non-condensing engine with 11 £ ami 29-inch cylinders and an 
18-inch stroke, The engines make about eight revolutions to one revolution of 
the cutters. The cylinders are some 20 feet apart and are connected hy a 
5-inch pipe. 

"To support a portion of the weight of the cutter machinery, a pontoon is 
provided lor each »0l Of suctions. This pontoon is made of steed plates, and is built 
around the various pipes and frames. Each pontoon lias a displacement of L,000 
cubic feet. 

"The saud pump shaft is of forced steel. Ill inches In diameter, and 12 inches in 
diameter where jr passes through the pump runner. StufKng-huxes are provided 
where the shaft passes through the pump easing. Each pump is operated by a 
direct-connected, triple expansion, vertical, inverted, four-cylinder, tandem engine, 
provided with jet condensers. The cylinders are 20j, fiii, .i* and 'AH inches in 
diameter, respectively, and the stroke is 24 incites with the cranks set at 180 degrees. 
These engines arc run ar a speed of about 130 revolutions per minute, the 
indicated horse-power of each being about I ,"250) with boiler pressure of I751bs, 
Each engine is provided with a Wortlnngtun duplex air pump and jet condenser, 
with cylinders 14 and UMncb and 15-inch stroke. They are also arranged 
to exhaust; without condensing. The steam is supplied by four Heine boilers so 
arranged that they can be used together or independently, as may be desired. 
Each boiler has two shells 3(1 inches in diameter and 18^ feet long, The water legs 
are connected by. 171 tubes, ;}i, inches in diameter, ami 15| feet long. There is one 
smokestack to each pair of boilers, each stack being til inches in diameter and 
,'i7 feet high above the breaching, or 7ii feet above the water-line. The main steam 
pipe between the boilers and engines is 12 inches in diameter. The usual steam 

gauges, bh>W-off Villves, Jte,. at'C pl'mided. 

'■ The water-supply for the boilers and journal bearings is (ihered by means ol 
two tillers, each II feet long and 6 feel in diameter. The filter bed is supported 

on a perforated cost-iron bed fixed near the bottom of each filler. There arc three 
layers oi' brass wireoloth with 10. liO ami HI meshes per inch, respectively. These 
support a bed of crushed ijuartz made up of layers ot dill'ereul degrees of fineness 
and about 2 feel thick. The sediment which gathers on the filter bed is stirred 
iiji bv two -els lit urms which can he revolved bv means of gearing, and the clear 
water from Que filter is used to wash the other. Tin- filters an? supplied by a 
duplex pump with rt-ineh suction and 7-inch discharge, ami the water is carried 
through an almn roagulenf to the tops of the filter- under a pressure of about 
GOlbs. Tic liltered water is drawn iVuin the bottom of the filters by the boiler 
ice. I pumps, and passes through a vertical pressure healer provided with one 
hundred 2-ineb Corrugated COppw tubes 7df inches long The exhaust steam iron' 
the eutiei. the winding engines and the pumps passes through this heater. 
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''The winding engines are placed near the how of the boat. There are six 
drums operated by a double-cylinder, link-motion, reversing engine with 12\~ 
inch cylinders and 15-incb stroke. Four of I lie drums are 24 inches in diameter 
and ill incites long. Two of these drums lire used for side warping, and are geared 
2o to 1, The Other two are used tor palling the dredge ahead, and are geared 
•"til to 1 ; 1 ,200 feet of j-ineh wire rope is used for this purpose. The two end 
drums are 80 inches in diameter and 2S inches long. They are used for raising 
and toweriug the suction-. 

"At the stein of the boat is a steam capstan and a spud hoist. There are 
two vertical anchor-spuds and one push-spud at the stern of the boat. The 
anchor-spuds are of Dak, 24 inches square and 40 feet long. These were intended 
mainly as pivots on which to swing the hunt, so that a wide cut eon Id be made hv 
moving the suction on the arc of a circle. This method is not well adapted to 
streams with A strong current These Spuds and the pu-h-spud are raised or 
lowered hv means of a Jl-drnm friction hoist moved by a doable 8 X 10-inch 
engine. The push-spud is an iron beam 2£ feet lou#, with a steel shoe at the lower 
end. The inner end of the beam is attached to the piston rod of a hydraulic 
cylinder 7 feel long and 15 inches jo diameter. The piston rod passes through the 
hull plating in a stuffing-box, This spud has never been used. 

" The machinery is mounted on a steel hull 172 feet long and 40 feet wide, it 
is 7 feet 2 inches deep in the waist, and for 36 feet from the forward end and 16 
feet from the after end it is 10 feet 10 inches deep. These deep portions are decked 
over, as are also the guards, for the entire length. The plating on the sides of 
the hull is §-iftcu thick ; the other plating outside is ,*j-inoh thick. The how is 
double-plated on the head and rake. The cross floors, spaced 2 feet between 
centres, arc 12 inches I-beams, weighing 32lbs. to the foot. On these, at intervals 
of 3£ feet, are longitudinal stringers of the same form and height, weighing 
'"lbs. io tic toot, These floor frames are decked over with {-inch plating and 
extend to within i> feet of the bow. The space between this plating and the bottom 
i> divided into ten wuter-lieht compartments. The hull is further divided into 
s <'\en water-tight compartments above the water bottom by means of five cross 
bulkheads and one short longitudinal bulkhead. 

"The bases of the pumps, engines and the boilers are set on the water bottom, 
Two coal hunkers are provided, with a capacity of about 30 tons each. The dredge is 
lilted with a travelling crane of ample capacity CO handle all parts of the machinery. 

" So quarters are provided for the crew of this dredge. The cabin is only 
-ulKcient to protect the machinery. The boat is equipped with an electric light 
!>bml and a full complement of shop tools, snob as lathe, drill press, etc" 

The requirements of the contract fixed the limit of draft at H feet and the 
Width at 40 feet. When the dredge wa- completed, the draft was found to be 
al >out &t feet. 

"The weight* of the rarious parts are abmrtaa follows: Hull. <J33,,H40lb,. : 
mil in ei, K i, 1( ., :(I1 ,| ,,, im p s ]s;!.;,7iilb>. . iioih-r-.. 41 ■ 'i.880lbs* ; cutter engine. 
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I7,4601b8, ; forward hoist, 51,5O01bs. ; aptul hoUt. 2O,4501bs. ; ladders, 5fi,«001hs. 
The total displacement when running, with suction and discharge pipes, boilers, 
filters, [tenters, etc., full of Water, aftd u supply of coal on hoard, is about 
1,175 tons. 

" The disc liar ge consist-; of two independent pipe lilies, each t.(H)i) feet long. 
A deflecting baffle plate is provided for the end of each line. Eight of the 
sections of each line arc |i>u feet long, and four sections are 50 feet long. When 
the pipes are empty, the pontoons draw about 14 inches of water. The pontoons are 
made of * s -inch tank steel, and are fitted with water-tight bulkhead; about 16 feet 
apart, In section they are the shape of a aemi-oyliiidar, with an outer radius of 
fiOf inches and an inner radius of Itijf inches. The discharge pipe lies in the Ileal 
thus Conned and is made of {-inch steel. The different lengths are eoupled alum) 

us described in connection with the Alpha. 

"Quite a number of defects were developed in the use of this dredge, many 
of which were remedied. At first the cutters tdl worked in the iimi' direction, 
and the result was that the dredge was palled sidewise out of the cut. This was 
remedied hy changing one set of cutters to work in tin' opposite direction. The 
breaks in the gearing of the cutter machinery were frenneut, although the spur 
years were made of nickel steel, ami the pinions of phosphor hron/e. Tie' 
u'-drum hoist also gave considerable trouble. The cutters were found lo be wrv 
much longer than necessary, and their operation drew heavily on the boiler 
capacity. The unexpected draft, developed difficulties in coaling, and in man- 
oeuvring "he dredge over the shoal bars." 

The Act nf Congress of .rune 3, 1896, was the first to formally 
recognize ami require the use of dredge boats as an 

I>it<!i;i' (iitmlitu. 

adjunct to the permanent improvement ot the 
Lower Mississippi. This formal recognition of the necessity of tem- 
porary relief for low water navigation resulted in the early construction 
of four more dredges. 

"The contract for the (Jatnina was lei in duly IHiH) to the I'.iitwits Steam 
Shovel and Dredge t'o., South Milwaukee, Wis, The capacity required was 800 
cubic yards of ordinary river -and per hour, delivered through I.OIUI feel of pipe 
with a centrifugal pump. The price paid was $85,530*00 and lime Iked for 
completion was nine months. The (tutnina was in actual work throughout tile low 
water season of 1X1)7, and was found to be very satisfactory both in capacity and 
economy. 

" The hull is of steel, K1H feet long overall, 88 feet wide and X feel deep. There 
Is a well at the how 3i^ feel long in which the auction is placed. 

"The framing of the hull consists of 12-inch channels stiffened with 1-hciun 

keelsons. Cross bulkheads divide the hull into two compartments, for the 

boiler and the other for the engine*. These are surrounded bj Water-tight 0OB> 
part men ts and are decked over. 




U. S. Dredge GAMMA. Main Pump and Runner during erection. Jan. 30, 1897. 
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"The main dredging pump i* located in the forward part of the engine room. 
It W a Centrifugal with 24-inch suction inlet on each side and a 34-inch discharge at 
the bottom. The runner is 5 feet U inches in diameter and has four blades, It 
revolves ;it a speed of about 150 revolutions par minute. The easing is split 
UH'izfjiitally through the axis so that the upper half can he removed in making 
repairs. It is of cast-iron from If to '>$ inches thick. The shaft passes through 
'he pump and has a hearing on each side of the casing. At these bearings 
the shaft is 8 inches in diameter. 

The pump is driven by a cross compound condensing engine with ar. inde- 
pendent condenser. The high and low pressure engines are horizontal, and are 
connected to two disc cranks set at right angles and kvycd to opposite ends of the 
pump shaft. The high pressure cylinder is IK inches and the low pressure 
^i "iches in diameter; the stroke is 22 inches. The high pressure cylinder has 
*0 adjustable cut-off with a hand adjustment to regulate the point of cut-off. 
Expansion relief valves are provided for the low pressure cylinder, The engines 
develop afeont 500 B. P. with boiler pressure of HUlbs. 

" The jet pump is of the centrifugal type with IS inches suction and discharge. 
It supplies the water to stir up the sand at the suction head. The runner has four 
trills with steel tips running as close as practicable to the casing to obtain the 
greatest available pressure. The pump and its engine rest on a common bedplate 
u, iu have a flange-Coupled shaft for pump and engine. The engine is a compound 
Condensing engine of the marine type ; the high pressure cylinder is 12 inches 
■'''id the low pressure 22 inches diameter with a common stroke of 14 inches. 
f he crank shaft has the crank set at right angles. The cylinders have plain slide 
halves, j\]| parts ;irt , provided with automatic apparatus for lubrication. 

" The air pump is horizontal with single steam cylinder It) inches in diameter, 
'ui' cylinder 18 inches diameter and tS-iocu stroke. The condenser receives the 
StCftni Irom both main and jet puntpa and is so arranged that the steam can pass 
directly to the atmosphere, The overflow from the condenser passes through a 
Chamber, forming a hot -well for the boiltt feed pumps. There are two teed 
I'll in ps and one fire pump, so arranged that any one oi' them can be connected 
IWtfl the feed-wa(er pipe or the lire hose. These pumps arc vertical, duplex, 
outside-packed plunger pumps, wiib 7A-iu< h sieani cylinders, 4|-inch water 
plungers and 8-inch stroke. An ordinary -and filter, with alum as a coagnlent, 
8 provided lo filter the water used in the galley and cabin. A separate pump 
lOi'ces the water through the filter to a tank on the roof, and from there it ia 
I'lped to various parts of the boat, 

I'bc main hauling winches are located on opposite sides of the boat near 
tlie bow, They are driven independently and are provided with fast and slow feed 
Controlled by clutches. The drums are 42 inches in diameter and 42 inches long, 
Which gives space for 1,2ml feet of f-iuch wire rope. Each drum is driven by » 
|«m- of 7 x 7-tnch double cylinder enjriues with cam reverse, and the power is 
I'sinittod through a combination of worm and spur gearing. The movement is 
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controlled by means <it' a brake wheel and strap. Tim speed ratio is HI to 1 for 
fast and 403 to I for slow speeds. The hoisting engine for raising the suction 
pipe- has a drum 24 inches in diameter and 24 inches long. It. is fitted with brake, 
spur gear, pinion, clutch and shifting device. This enirhie also operates a shall 
terminating in gipsy beads, which can be used in lieu of the capstans. The whole 
is driven by a pair of horizontal, double-cylinder, 8 X 10-inch plain, slide-valve 
engines, provided with steam reverse, 

•'The anchor spud is hoisted by means of an upright, single-acting steam 
cylinder, 18 inches in diameter and (I feet stroke. The piston is attached to a cam 
damp at its npper end, winch grips and holds (lie spud against the slides. S Leant 
enters at the bottom of the Cylinder through a three-way valve, raising the piston 
and spud In the height of its movement. When the valve is turned to the 
exhaust port the [its ton and da nip descend, the spud being supported by a rack 
and pinion. The pawl locking the pinion is hinged between its centre of 
movement and point, and the tripping is effected by making the pawl buckle on 
itself so thai the point turns under. This releases its hold and allows the spud 
to drop. 

"Steam for the above-described plant is furnished by six boilers 48 inches in 
diameter and 28 feet long, with live 11-inch Hues in eadi. These boilers are 
arranged in two batteries so that they can be used separately if desired. They are 
designed to carry a pressure of 14lllhs. The fire-bod and ash-pan rest directly on 
the keelsons. Directly in front of thf> fire doors are coal bunkers having a capacity 
of 40 tons The bottoms of the mud drums are below the water-line, hence a 
special denning device is provided by means of a tank set between the keelsons 
under the mud valves. The mud and water remaining in the drums are drawn 
off into the tank, and then syphoned out. The feed water is heated by passing 
through two pipes hung in brackets from the sides of the parting wall between 
the two battery furnaces. 

"The two intake pipes at the pomp casing run forward to the suction head. 
They are hinged to the boat at the bow by two flanges connected by a pivot pin on 
the lower aide and provided with a circular stuffing-box, making a radial joint 
that will allow the suction to be lowered In a depth of l. r » feet. Outside oi" the 
joint the pipes and suction head are framed together and rigidly Connected so as 
to form essentially one piece. At the suction brad the pipes are II feet apart 
from centre to centre. The suction bead tor each pipe is 8 feet long and they are 
H feet apart, forming one suction head l'.> feet long over all. The suction head proper 
has two inlets, one for the upper and one for the bottom intake, and between I he 
two is a triangular pressure chamber running the whole length of the head, 
This connects directly with the jet pump. This chamber has nine 2j-ineh nozzles 
through which the water from the jet pump is forced with sufficient pressure to 
loosen the sand in front of the suction. The discharge pipe is 84 inches in diameter. 
It runs from the bottom of the pump casing along the floors between the two 
central keelsons under the partition walls. He t ween the batteries of boilers, oil" 




U. S. Dredge "GAMMA." Interior View showing Jet, Air, Fire and Feed Pumps. Dec. 31, IS^. 
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through tin- stern of the bull, with I he centre of the pipe i fed above the 

bottom of tin- hull at its exit. Near the pump the entire pipe is he low the water- 
woe, and Hh> priming is done by paeans of s steam syphon at the top of the 
pump casing, The? floating discharge pipe is 1,000 feet long, divided into 2n 
sections, each 50 feet long. They are mode of 4,-iiieh tank steel. The pipes are 
flouted by means of 40 cylindrical pontoons, each 23 feet 9 inches long and 30 
inches in diameter. These are made of , ;s s -inch tank steel. They are attached to 
the discharge pipe, by means of truss frames constructed of bar and angle irons, 
s o designed as to receive and clamp the discharge pipe and carry the pontoons 
°n either side. The pipe line is attached to the hull section of the discharge pipe 
by means of a male and female bevel-flanged coupling, a davit hoing used to 
swing the floating pipe into position. 

"Tlie hall has a cabin 97 feet long, and 29 feet wide, which protects the 
machinery and provides quarters for th< crew. Then 1 is also a repair shop, 
provided with a lathe, drill press, emery grinder and other appliances needed 
in making ordinary repairs. An electric plant furnishes light for one 4,000 
Gandle-power search-light, four arc lights of 1,200 candle- power 0#ch, and 75 
'"candescent lamps of It! candle-power each. 

"All the winches, the spud-hoist and the search-light are manipulated from 
wie operating room. This dredge is towed from point to point, and while dredging 
is Operated similarly to the Alplia. 

Four 10-inoh and tout li-ineh hydraulic piles 33 feet iong are provided, 
similar to that shown. 

" This dredge was tested near St. Lotus, Mo., in August, 1897, and, after 
the completion of the tests, she was used io actual dredging between Uairo and 
Memphis until early in December of the same year. The general efficiency tests, 
'■ailed for by the contract, required that the dfftdge should be operated 60 working 
<%a of U hours (,,.,(.(, i„ „- ; ,ter from "* to 15 feet deep, ami with sand ol 
»neh different degrees of coarseness as will be found on the low-water bars. 
After this had been done and the machinery found satisfactory, then 20 capacity 
tests were required to be made with the suction at different depths. This last 
tv 'juirement was considered filled when the total amount pumped per hour 

divided by 2<> was equal to or mm ded the required capacity of 800 cubic yards 

per. hour, 

"The weights of the principal parts are as follows; Hull, 323,3281 bs., 
«mia, ! 1 7,H9lhs. ; Main pump and engines. 74,7221bs. ; jet pump and engines j 
21,7 1 7lbs. ; auxiliary engines, drums, levers, etc., 40,937 lbs. ; air, feed and 
" r « pumps. I5,09. r dbs. ; electric light plant, 7,700lbs.: boilers and accessories 
B?S,&nibs.; suction head. l9,5341bs. ; floating discharge pipe and pontoons, 
844*9ieihs, j hull (brings, Sl,580Ibfc Total, 1,019,02311*. The working draft 
01 the dredge is about 40 inches. 

" Construction was begun in dune. 1606, and tin* dredge was practically 

completed in March, 1897." 

14 



< no ) 

The dredge Delta was constructed under contract with the New 

York Dredging Co,, who sublet the construction 

Dwfee Delia. „ ..„. ° ° . ,. , 

of dinercut parts tu viirmus munutftcfeurera and 

builders of machinery. The contract price for this dredge was 
ft 124,940. It differs from the Gamma chiefly in having a mechanical 
agitator instead of lets, in its hoisting and hauling winches, and in the 
form of* pump. Its capacity is also somewhat greater. Its construc- 
tion was begun in June 18!M», and it was practically completed by the 
end of June 1897. After the tests were finished, the dredge was 
Used iu removing sand bars below Cairo throughout the law-water 
season of 1897. 

"Tlic hull is ut' steel, IT;! feel long. 88 (Vet wide, unit K£ feet deep, A fender 
t-i feet long is carried around (In 1 suction, making uV boat l£W feet Imij; over tilt. 
The how iitul atom of the huh have short rakes, and the midship section is rectan- 
gular. The frames of the hull are ±± inches apart between centres angles are 
used tor tliv deck beams :in>l Z-bars fop the floors. There aw two longitudinal 
bulkheads running the full length of the boat, and five cross bulkheads, Thej 
are ull made ol /',,-iiich plate, with doable angles s.t top and bottom, All arc 
water-tight unil have a syphon in each of the compartments. The thickness of 
tin- side plating of the hull in g-inch and of the other hull plating ,';,-ineli. It is 
ull kill Fore and aft, is tapped and single-riveted, except on deck, where the scams 
ate planed and batted and fastened with 0-inch butt-straps single-riveted, t Yoss 
seams are similarly batted and riveted, 

"Special foundations of t2-incb L-benms are provided for sustaining the 
heavy machinery and boilers. Tin- boat is provided with a cabin \.M feet long. 

which protects the machinery and furnishes quarters for the erew. Tl perating 

room is at the forward end of the cabin, and is fitted with levers ami brakes by 
means of which tin' boat i< niiimeiivivil. 

"The dredging pump is different from those on the dredges heretofore described 
in the shape of the casing ami the runner. The runner bus live blades t'l inch OS 
Wide, and is 7 feet in diameter. The edges run close to the easing, but the runner 
is not concentric with the easing, hence the outer ends of the arms tire nearer mm 
wide of the easing than the other, the widest Space being at, (he bottom, ami ihe 
space being nearly eat off by a projection in the casing at the upper side of the 
discharge opening. 

''The axis of the pump is parallel to the axis of the boat ami lies over the 
centre line of the same. The thickness of the siites of the casing is i inches, and 
that of the outer circumference is 'A inches. It is lined on the inner side willi steel 
plates fastened with counter sunk bolts. This lining win be renewed when worn 
out. The shaft of the runner is of forged steel 7| inches iu diameter and 7 }, feet 
lone;. It is Ktted to the runner by a taper joint secured by a cap nut and two keys. 




Veiw of Dredge in operation. Looking at end of Discharge Pipe. 




U. S. Dredge Zeta. General View of Machinery- Sept. 7, 1897. 
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The shaft has one lo»£ bearing through the aft side of the cosing. It is provided 
with water boshing under pressure to keep the sand out of the bearing. 

" "be sand pump is driven by u vertical, inverted, two-crank, compound 
condensing angina, with i> and 48-inch cylinders and 24-inch stroke. It is littod 
With a piston and slide valve am! has an adjustable cut-off for the piston valve, 
J lie cylinders are supported by two east-iron back frames of box section, and 
bnir taper-steel from columns 'l\ and 8 if inches in diameter. The bedplate 
W of cast-iron, box-girder pattern, S feet i> inches lone by $ foot y£ inches wide 
over flanges, and 2l!£ inches deep from centre of shaft It has four babbitted 
journals 18 inches !on>r uiid KJ inches in diameter. The steam chests are 
reached by means of a stairway and gatldry. The usual accessories in the 
way of relief valves, drains, lubricators, etc., are provided. Tins engine was 
designed to develops, .soft [[. P. at 1 4(t revolutions per minute, with a boiler 
pressure of lOOHm, and a vacuum of 25 inches. 

"The air pump and j^t condenser has & steam cylinder 12 inches in diameter, 
a water cylinder LS inches and 24-ineh stroke. The condenser is mounted 
vertically over the water cylinder. The air cylinder is copper-lined IH x M inches 
and the plunger is packed with soft packing. The valve seals are brass and the 
valves are of hard rubber. A brass spray -cylinder throws ihe water out. in jets. 

"The engine which drives I he cutters i- horizontal, two-cylinder and non- 
reversible, all attached to a sliding steel frame, which moves back and forth in 
guinea as the cuttor is raised or lowered. This is necessary because the shaft 
which drives the sprocket chain u not in the axis of motion on which the suction 
and cutter revolve. The whole i-indiie, with its frame, follows the motion of the 
s halt, so that the gear and pinion are always engaged. To admit of this motion, 
the steam pipes are provided with -lip joints. The cylinders of this engine are 
' — 4 inches in diameter and have a 15-inch stroke, with the locomotive type 
ol slide valve. It operates the e utters through -par gears and a sprocket chain. 

"•The fire (lump is duplex, with two steam cylinders tf inches in diameter and 
Wo fj-inch plungers with a stroke of 1<> inches. The suction is 5 inches in 
diameter, and the delivery I inches. This pump furnished water to all the 
journals where water pressure i> nsed to keep out sand. The feed pump is also 
duplex, with two steam cylinders 7 inches in diameter, two plungers 4£ inches in 
diameter, with a stroke of M inches. 

" A pressure lilter 7 feet in diameter, with a capacity of about 65 gallons per 
"ntiute, is provided. A special 3 by 4-inch engine is used lo revolve the cleaners. 

"A 7 by !)-iiich vertical engine hi provided to run the machines in the repair 
'bop and the electric generator, 

"There are two winjine drums l<«-:itcd forward of the -and pump, one on the 

"birhoard and the other on the port side of the hull. These are A± inches in 

diameter and 4i inches Ion", mounted on a (i-inch shaft with two bearings in 

llu main pillow-blocks carrying a 48-inoh gear wheel at one end, and an 

l-uich f^ear wheel at the other. These drums arc provided with clutches and 
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brakes, and are driven by two independent double-cylinder, horizontal engines 
with Ift-ineh by 12-inch cylinders. 

"The ladder hoist for raising and towering the auction, and the spnd hoist for 
raising the spud, each have drama 24 inches in diameter and 2i inches long. 

Tile former is on the starboard, am) the latter mi the port side of the hoat. The 
cables from these drams lead to the roof ami thence out through sheaves to tie 1 ladder 
and spud. These drums are operated by the game engines that, operale the 
winding drums. 

' Steam is supplied by four Heine safety boilers rated at 25(1 if. P. 
eaeli. These boilers have two shells Jjfl inches in diameter and 11) feet 4 
inches long : two water legs of Hanged and riveted sheets held by hollow 
stay bulls; 111) lapwelded tubes 3§ inches in diameter and Hi feet long, and 
one submerged movable mud drum in each shell. These boilers are e reef- 
ed it] rwo batteries on (be main deck near the aft end of the boat. For 
each battery there is one stack, (i)S inches in diameter and l!4 feel high above the 
grata The feed water is heated bv passing thronall n heater with a shell ;{ feet 
1£ inches in diameter, fitted with 114 corrugated copper tubes 1£ inches in 
diameter ami 7* incite- long. This heater is situated in the centre of the boat 
bet with dn' boilers and flu- main engine. Tin' main steam pipe i* (1 inches in 
diameter, tint feed pipe 1 inches and the drip, blow-off and safety pipes are 
i inches in diameter. 

"The intake of ilie -and pump h from one pipe 34 inches in diameter, 
entering in the axis of the pomp at the forward side of the casing. This single 
pipe runs 2~i feet to the forward bulkhead and there branches into two pipes, 
each 24^ inches in diameter, which separate and pass through the how of the boat 
lielow the water-line 9 feet apart. These two pipes turn to the right and left 
-ottare along the outside of the bow ami then turn forward again, and each branch 
separates into two pipes \1\ inches in diameter, which connect with the suction 
head. The whole is framed together so that the lour pipes, suction head and 
cutlers are raised and lowered together as one piece. Instead of a radial slip 
joint for the suction pipes as used on the dredges already described, there is a 
vertical flanged joint in the horizontal part of each pipe next to the bow, and 
the revolving pins that sustain the weight of the aft end of the suction are placed 
in the prolonged axes of these pipes. 

"Tlu' culler fur loosening up the material is placed at the outer end of the 
suction head. It. has twenty-two cast-steel wheel cutters, each having four 
blades mounted on a steel shaft 6j incite- square. This shaft is driven by the 
nutter engine ley means of two steel sprocket chains, at a rate of about eight 
revolutions per nimule. 

"The discharge outlet is on the starboard Hide of the casing near the bottom, 
-ltd leaves the pump at eight-angles to the intake After leaving the pump the 
pipe rises so that the centre \* >lighi.l\ above the axis of the pump, and run- all 
parallel to the side of thfl hull until it passes tic main engine. Here it bendl 




U. S. Steamer Mississippi and Dredge Delta, showing the Dredge Discharge Pipe. 
Taken at West Memphis, Dec. 6, 1893. 
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over to the centre line of the hull, ami the centre of the pipe drops about 11 
inches below the water-line uml runs straight aft under the boilers, thron«h the 
stern, where the floating pipe is coupled on. 

"The floating discharge pipe is 1.0(H) feel long, with the usual ruhbor coupling 
at intervals of 50 fi'ct. There are pontoon flouts on each side of this pipe. 
U-shaped in section, with the flat side closed, and they sustain the pipes in yokes 
which are firmly attached to the flouts. There i< a baffle plate at the end of the 
pipe line. 

"The dredge is provided with sixteen hydraulic piles, six of which are 1(1 inches 
in diameter and 38 feet long, and leu are ti inches in diameter anil in feet long. 

" The various parts of the winding machinery can be bandied and moved by 
means of a 5-ton travelling crane, A traveller is also provided, with which to 
move tho pnmp and main engine. The repair -hup contains a screw-cutting 
engine-bithe, a drill press, a blacksmith's forge and a i'uil set of tools. 

" The boat is equipped with one search light, two are lights and 100 incandes- 
cent lamps, 

"The weights of the various parts of ihe dredge are about as follows: 
Hull. 488,5001ba : main pnmp and engine, 105,56811)3. ; cutter engines and 
machinery, 45,000lbs< ; winding engines und machinery, with extras, 47,000lbs. ; 
air, feed and Sire pumps, with extras. 11,1'OOlhs. : electric plant engines, 
dynamos, etc., 4,2751hs. ; heater, separator and filter, *21,.">l)lllhs.; derrick, ladder. 
travellers, tackle sheaves, holsters, tools, etc.. 44,00l)]bs, ; capstans, spud, piping 
and (ittinirs, deck fittings, etc., 42,O()01hs. ; discharge and suction pipes pertaining 
to bull, 51,3O01bs. ; boilers, stacks, etc., complete, 32O,OO01l.s. : cabin, complete, 
ISOjOPOlha. spare parts for main pump, etc.. 13,56 5 lbs. ; Total approximate 
weight, l,375,i;(>81bs. 

"The weight of the floating pipe line is 22l,477lbs, 

"This dredge was launched on February 2mh, I*!i7. and the tests were 
eotnplcled August I 1th, 1W7." 

Tlic construction of the dredgea Epsilon and Zcta was begun early 
liwdga k H i„„ :u,t '" January, LS97, They were built under out met 
r/ " ,in - with i be Springfield Boiler ami Manufacturing 

Company, of Springfield, HI. The work June by this company at its 
own shops was confined ohiefly to the hulls, floating pipe lines, boilers, 
ami other j plate work. The pumps, engines, etc., were sublet to other 
manufacturers. 

Tile stipulated capacity of these dredges is 1,001) cubic yards of 
ordinary river sand per hour, dredged from a maximum depth of 
l: > feel and delivered through 1,000 feet of floating pipe, 

The dredges are alike throughout, except that the Epsilon has 
water joi agitators and the Zeta has mechanical agitators. The 
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contract price of the EpailoD waa $102,000, and of the Zeta 
$106,000. 

- Tin* hells aw of' steal, 1.17 feet long, l<> Fo«t wide and 7£ feet deep. There 
is a well nt the bow 95 feel long, IS feet vvjda at. the kill, and ^ I't^t wide at the 
Forward end. There are two open Spaces in the hull, one fur the engine mid 
mini [is, am! one for i he boiler und coal bunkers. All other parts nl' the hull are 
decked over. 

" The Hoov beams art- 12-ineh steel channels, 25lbs. per foot, The frames 
lire H % 4-iuch tingle icons, I libs, per foot, and are spaced 24 inches between 
centres throughout the engine compartment, and 3(J inches for the other parts ot 
tin; hull. There are ten I.'i-ineh I-beam keelsons, the two outer ones weighing 
fi.uhs. par foot uiul the others 45 lbs. per foot, These keelsons arc riveted to the 
floor beams. 

"The greater part of the bull [dating is j{ inch thick. The ventre stroke of 
the bottom plating, the upper si rake of the side plating and the how end [dates tire 
a inch thick. The deck plating is £ inch thick. The butts of all outside [dates are 
planed so as to lit closely. The longitudinal seams arc lapped 2i indies and single 
riveted. The f dates are butted on the transverse -cams and riveted to butt Straps 
I inch thicker than the plates, 

"The bull is divided into 11 watertight uompartuients by two longitudinal 
bulkheads and live cross bulkheads. 

"The frames in the engine and boiler pits are covered with ,''„ inch plates. 
Special beams and angles arc [provided for supporting the i diineiv, 

"The main sand pump is located on the axis of I be hull in the forward part 
of the engine [tit. It is similar in form to thai on the Gamma. That is In so , 
it has a divided suction, consisting of two 21-inch pipes, admitting the water 
Oil both sides of the casing, and the shaft of the runner extends through the 
casing with a bearing at each side. The main bearings ot the pump runner tire 
protected from sand by means of a ring of water under pressure sup] died by the 
tire pump. The discharge is from the bottom of the casing ami is ;\-j inches in 
diameter. The pump runner is '> feel H inches in diameter and has seven blades 
ll| inches wide at the outer ends. It is to be run at a speed of about 100 
revolutions per minute, Pressure gauges are provided to show the suction and 
delivery heads. 

"The main engine-, which operate the pump arc connected to the ends of the 
shaft passing through the pinup 1'lllincr by means of flanged couplings There 
is a tandem compound engine al each end of the shaft, each having cylinders 
1(1 X 2fi inches in diameter and an lK-ineli stroke. The cranks are set. at right 

angles to one another. These engines are I nihil i I in a horizontal direction and 

automatic governors ore provided to regulate the speed. They are designed to 
develop 651) 11. I', ai about 180 revolutions per minute with a boiler pressure 
of 1501b*, 
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■• Tlif engine siili-liu-ics connect with and are boiled to i In* I ■■» --i' of tin* pimip- 
easing, ilius forming :i common base (of tbs whole 

"Tin 1 Epsihm has u 15-inch centrifugal jet pump, operated by a vertical 
cross compound engine with cylinders !2 and 22 inches in diameter and with 

1 1- In eh stroke. The engine i> on the same huso as the pump and is direct ly 
connected with a flange coupling. This pump is on the starboard side at the rear 
end of (lie engine pit. The intake, 18 inches in diameter, is on the aide, and the 

'list-harm- pipe, 1 ,"i inches ill diameter, leaves the casing at the bottom and leads to 
the pressure chamber at the suction bead. 

"Two boiler feed pumps are located in the engine pit opposite the jet pump, 
near the poll side Ctf the boat The cylinders are 8 ami 4j inches En diameter and 
tiie stroke is LO inches, There is also a Sre pump with cylinders 10 and 5 inches 
in diameter with a tfl-inch stroke. These pumps are arranged with suitable 
cut-oft' valves, so that they can be USed together or singly, as may be desired. 

"The winding engines and the hoisting and hauling drama are located near 
the how nf tin' hunt. The hauling engines for eontrolliug the movement of the 
boat are located une on each side of the bow. The drums are 42 inches lung and 
VI inches in diameter, and hold about 1.2(1(1 feet of f-inch wire rope in two laps. 
Each of these drums is operated by an 8 x 8-inch double cylinder engine provided 
with a link reverse and suitable clutches and brakes, giving last or slow motion, us 
may be rcipiiml. The siietion hoist is situated a little to the port side of the centre 
line of the hull. The drum is 14 inches long and 42 inches in diameter. It is 
operated by a double engine with 8xH inch cylinders. The spud hoist i* located 
just behind the anchor spud and on the starboard side of the centre line of the hull. 
It is also operated by an IS x 8-inch double engine and is used for raising or lowering 
ibe anchor spud. The drum is ->2 inches long and 42 inches in diameter. The 
operator stands un an elevated platform behind the winches and controls their 
movements by mean* of vertical lever-. 

"The repair shop is located hetween the operating room and the engine pit. 
It is provided with lathe, drill press, screw and bolt cutter, -huper, forge and an 
engine to run the several machine-. A full set of machinist's and blacksmith's 
tools is also provided. In the same room is located the engine and direct- 
cotineeted dynamo, furnishing light for all parts of lln* boat and also a powerful 
search light at the bo* and two arc lights at the stern. 

"On the Zeta the jet pump is omitted and a mechanical agitator for stirring 
up the material is used. This agitator consists of a vertical scraper or harrow 
attached to the front end of the suction head which is given an up-and-down motion 
by means of a bell crailk, It is divided into two part- which are suspended in front 
°l the port and starboard suctions respectively. A connecting rod or pitman 
extends from earb agitator hack to the rear end of the well, where it con- 
nects wit.ii a second oscillating crank operated by an engine with lt)x 14-inch 
cylinders. These engines are connected through gearing to a common shaft 
extending entirely across the boat. In order to lessen the danger of breakage 
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front slinks or other solid obstructions, a shearing pin i* provided at the uogle 

dl' the forward crank which is so arranged as to shear oil' before strain can come 
on tho agitato to break it. Mechanically considered, its movements are quite satis* 
factory. { Mr, Ockerson states that in the tests it was demonstrated that (he capacity 
of i.lie pump with this agitator was not much over half the capacity of the pomp 
with jet agitators, Mr. clad, however, subsequently points out that the test to 
which this agitator was put was much more difficult than that to which the jet 
was applied, and th;it the comparison wade by Mr. Ockerson is unfair. Be adds 
that, iis a matter ol' fact, the Commission were advised to put both jet ami 
mechanical agitator on thi.s dredge.) 

11 Steam for the various machines described above is derived from six boilers 
located near the aft end of the boat. These boilers are 4tf inehes in diameter and 
28 feet long, with three 11-inch and two 13-inch Hues, and are designed for a 
work iii g pressure of 1 101 bs. They are arranged in two batteries so as to be 
operated separately or together, Kadi battery has a smoke stack 44 inehes in 
diameter and 70 feet high. The boilers are set below tin- main deek and rest on 
ebannel bars placed across the keelsons. The feed water is pumped through a 
beater which receives the exhaust steam from the main engines. A donkey boiler, 
48 inches in diameter and y feet liij(h, is also provided to furnish steam for the 
electric light and shop engines when the main boilers are not in use. 

"The two suction pipes run forward from the pump easing, separating 
gradually until 12 feci, apart at the bow. At this point a tight radial joint is 
provided, which connects the pipes in the hull with the pipes from the suction 
head, and admits uf the vertical motion necessary for dredging at different depths. 
The suction can be lowered to a maximum dn^tli of lo feet. Outside the hull the 
two suctions are framed together rigidly and are handled as a single piece. The 
raising and lowering is accomplished by means of sheaves and tackle attached to 
a derrick frame located over the forward end of the suction well. A strain lull 
frame is provided so that when the suction is lowered to a suitable depth, it can 
ho locked ; it thus relieves the tackle of the weight and maintains the suction at 
a constant, depth. Each part of the suction head is 1(1 feet long, making the 
suction 20 feet wide over all. 

"The Epsilon suction head has a pressure chamber un the underside at the 
front end connecting with the jet pump. Ten 3-ineli jet nozzles arc screwed into 
the front side of this pressure chamber, and serve to loosen and stir up the sand 
and induce the flow of material to the suction. 

"The discbarge pipe passes straight aft from the pump between the two 

central keelsons and rests on the Hoor beams for a distance of about 02 feet. From 
this point il rises gradually for a distance of 22 feet until the centre of the pip" 
is 4 feet above the bottom of the boat. Tlum it runs horizontally straight out 
through the stern, projecting Far enough to couple on the (loiitiug pipe line. The 
pipe is flattened out near the pnmp easing so as to depress it below the water 
lino and tints facilitate priming, which is done by using a steam syphon al the 
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tn]> of the racing. (In Major Hundbwy's dredges 3 and 4, a special priming 
valve lias been introduced at tllia point.) 

" Tlio floating discharge pipe is similar to tho-c previously described, except 
that greater buoyancy is provided and the shape of the Hoat is somewhat flatter. 
The pipes are built in 50 feet lengths. 

''Travelling cranes are provided for the easy handling of* the machinery of the 
engine room and the hoists ; and there is one steam capstan nt each corner of the 
dredge. Steam syphons are provided for all the water-tight compartments. 
Six 10-ineh and ten 7-ineli mooring piles of the usual form are provided for 
each dredge, 

"A veloeimetcr is provided lor showing the velocity of flow in the discharge 
pipe. This consists of two vertical tube- which pierce the discharge pipe. They 
are set in the vertical plane passing through the longitudinal axis of the discharge 
pipe, About '> inches below the upper inner surface of the pipe, j inch tubes, 
8 inches long, sire inserted horizontally ; (lie one nearest the pomp being open 
toward the pump to receive the pressure of flflW ami the other turned in the 
opposite direction. The upper ends of the vertical tubes connect with glass tubes 
attached to suitable -cales. The difference in the height of the columns of water 
in the two tubes, when water is Bowing through the discharge, gives the results 
from which the velocity of How can he deduce. I. 

" Weighing apparatus designed to show the percentage of solid matter 
passing through the discharge pipe is also provided. To accomplish this, a *ui table 
length of the pipe is connected at each end by rubber thimbles which leaves the 
joints flexible. One end of this pipe is then supported by a weighing apparatus 
properly counterbalanced. An indicator is located where it e;m he readily seen 
I'.v the engineer. The pointer i- sit -o that It reads zero on the dial when water 
°'dy is pumped. When sand is pumped the pointer will show on the dial the 
weight of same at any moment, and consequently the percentage of solid 
matter. 

" Both dredges have Cabins for the protection of the machinery and to provide 
•|unHers for the crew .... There are ample accommodations for a crew 
of 80. 

"The weights of the various parts of each of these dredges are about as 
follows : — Hull, 442,3881bs,j main pumps and engines, I17,0601bs. ; cutter engine 
•nd ujritutors, Zetn, 25,0001lrt, : jet pomp and engine. Kpsilon, ll^OOOlbs. » 
winding engines and machinery, 33,436U». ; lire and feed pumps, 8,1001fo.; 
•Water, 4,925lbs. ; electric plant, 4,200lb8. ; derrick, A-frame, travellers, sheaves 
P[Peaand fittings, deck fittings, capstan, &&, 37,.50nlbs. ; discharge and suction 
l'M'"s pertaining to hull, Epsilon, "(4,447 lbs. ; same for Zeta, 51,500103. ; 
,,C) ilerst:icks, &c, complete, li)5,0(H)lbs. ; cabin complete. 120,00011)8. ; Total weight 
°f each dredge, 1,057, 11 81 bs. ; weight of floating pipe line, 'S25,0001bs." 

Xoie.-i u jiciiud wor tt neithej the volocituetur nor weighing apparatus is found ot any 
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Tin; Brat dredge used on the river between the Missouri ami the 

Miijuv Himiiijiivv - Ohio for channel improvement Mas the jet dredge 

iV.i^ n ■-'.' mentioned in the note on Channel Contraction 

Works. The next constructed was Major Handbury's dredge No. 2. 

It was hurriedly put together, making use of such parts of the plant 

as could he made available. 

ji One of the most recently constructed model forges nsed for transporting 
stone was selected, and given such additional strength by bulkhead timbers as 
was necessary to enable it to sustain the machinery to lie placed upon it without. 
vibration wlien to motion, This barge is Idj feel long with 2ft feet beam, boo 

has a G feet depth of hold. On it was [dace J a 20-incll centrifugal pomp actuated 
by horizontal compound condensing riighie. connected directly with the pump* shaft. 
Diameter of high pressure engine, 11 inches: diameter of low pressure engine, 
25 inches with 18-inch stroke. The pump and engine are upon the same cast-iron 
base. This machinery was purchased from Edwards & Co., New lore, 

" Steam is furnished by three boilers, Mississippi river type, -1ft inches diameter 
and 2ft feet long, each having live Hues 1 1 inches in diameter. The ordinary working 
steam pressure of the boilers is 140 lb*. The engines make 200 revolutions per 
minute and the pump discharges nbont 2,000 cubic feet of material. On the basis 
that 10% of (bis is sand, winch is a Very reasonable estimate, the dredge will 
excavate about 4,j0 cubic yards per hour, 

"The suction pipe is '2i\ inches in diameter from the pump out to the how of 
the boat. At. this point the pipe branches to the right and left, with aunarlrr (urn 
l'i inches in diameter. At the ends of these is a stuffing bos and another quarter 
turn which permits the pipe to extend down over the how of file boat and into the. 
water. These stuffing boxes allow eaeb branch of the pipe to move in a vertical 
plane. At their lower ends these pipes separate bj Y's into two branches, each 
12 inches in diameter, and terminate in nozzle pieces with opening HO inches X 6 
inches, The two 15-tlich pipes are tied together by suitable bracing and raised and 
lowered In in'ians of a derrick with boom extending out hevond the boat. The 
hoisting power is obtained from a pile-driver engine taken from the plant. The 
same engine is used to haul the dredge ahead and keep it up to its work. 

*' Immediately at the pump the dis< barge pipe makes a quarter turn and is 
enlarged lo 24 inches in diameter, J I passes back through the boat and over the 
stern on to Hat-boats, which support it for a distance of 500 feet. At the sterfl 
df the boat there is an S-shaped piece in tbo pipe. Inning a horizontal swivel 
joint, which permits the discharge to be made in any horizontal direction. Where 
(lie pipe passes from one Hat to another, then- is a short piece of para-rubbef 
hose which permits a flexible motion. The flat-boats, on which this pipe is sup- 
ported, are a part of the out lit of the plant used lor low-water revetment. In die 
discharge pipe near the pump there is a priming valve Used when starling tu < 5 
pump. 




U. S. Dredge " Epsilon, " Jet Pump and Engine. 




YJtedge DeViver-y Pipe.. 
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"To operate the dredge, piles are driven on each ~itlc of the channel to be 
opened anil at some little distance from it. lines are made fas! to these ami the 
dredge, and discharge pipe manoeuvred by means of them. 

'•' This dredge was not completed until the end of November about the than 
the river commenced to rise ... It was operated experimentally for several 
'lays ami all its parts thoroughly tested. It bids fair to be a very satisfactory 
machine. Its eosJ was £21,7n.rO0," 

Dredge No. '2 referred to above has been termed a temporary 
Major ninMiwys experiment, constructed hastily to meet urgent 
omigos Nos. 3 mil) i. requirements. Major Handbury, having made a 
special study of the subject of dredging, as applied to river bars, 
designed his dredges No*. ;5 and 4, which have large capacity and liglii 
draft, accommodation \'<>v the crew, and at the same time dispose of 
the material beyond the lateral limits of the channel to be improved. 
These dredges have now been at work for two full seasons, and 
have given very satisfactory results. In many particulars they differ 
largely from the dredges designed by the Mississippi Commission. 
Their main features may be briefly described in the words of Major 
Hand bury as follows : — 

'■The hull is made of steel throughout and is 100 feet long, 40 feet beam and 
6 foot G inches depth of hold. There is an opening or well at the bow, in which the 
suction pipes are placed 24 feet wide at forward end. 18 feet at after end by 34 
feet long. The two projecting ends thus formed are lied together by a box girder. 
(The space between these ends is now spoken of as " the well.") 

" There are two centrifugal pumps with suction and discharge openings 20 inches 
in diameter. The discharge pipe is immediately enlarged to 24 inches in diameter. 
The pumps are single suction, with interior lining capable of being conveniently 
removed when worn. 

" Kadi pump is driven by a horizontal non-condensing compound direct-con, 
nected engine, 15-inch high pressure, 20-inch low pressure, with 18-inch stroke- 
capable of developing 800 actual horse-power, with approximately 200 revolution, 
per minute, under a boiler pressure of 1401bs. per square inch, and maintaining* 
through the suction and discharge pipes, the velocity necessary to carry at least. 
2(>% of sand with 80 ^ of water through 500 feet of discharge pipe, 

" The steam is supplied by six boilers of the 3H*sissippi River steam-boat, 
type, each 48 inches in diameter and 28 feet long, and containing five flues, 
toeh U inches in diameter. The hollers are arranged in two batteries of 3 each, 
capable of being worked separately or together. 

" With each main pump there is a jet pump for applying water under 
I'ressnre through nozzles to the sand at the entrance to the suction pipe?*. The 
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jet pumps are of I lm Worthing ton type with compound oiiffincs capable oi 
delivering 1,300 gallons per minute again*t a pressure of G :"» 1 1 j s . 

u Tlie suction pipe of each main pump has a diameter of 20 inches. It 
leaves the pump by a reverse curve, posses oat through the hull, and by u radial 
joint down through the suction well, and terminates with a nozzle or suction 
head Hi feet wide and 2D inches high, and provided with screen bars or lobes. In 
order to present the opening in the most favourable manner to the sand, the suc- 
tion head is slightly curved. 

"There is one discharge pipe for e:"di main pomp. At the stern of the 
dredge there i.s in each pipe fl reverse Curve swivel joint by means of which the 
|)jp© beyond the dredge is slightly raised and can he changed in direction through 
an angle of 180 degrees. On the outside oi" the dredge the discharge pipes are 
in lengths of 21 feet, connected hy flanges ; each two of siieli lengths are connect- 
ed by a coupling and piece of flexible rubher hose. T&e pipes are supported at 
every 2,1 feet upon steel pontoons, so arranged that they may swing under the 
pipe and present their narrowest dimensions to the current. Each dtsehargn pipe 
is ,1(10 fei>t in length and terminates with ft bailie piste, for the purpose of steady- 
ing the pipe line while the material is going through it. 

"Cabin accommodations are provided for a double crew consisting of 50 
officers and men, 

"The electric light plant consists of two 2,000 ft p. arc lights, one 4,000 c.p. 
focusing head light with reflector. 75-16 c. P, incandescent lamps, with the 
necessary engine, dynamo, switchboard, and other appurtenances and appliances for 
a complete lirst class outfit. All other outtlt and appliances necessnry to a 
complete dredge are provided. When occasion re<j aires, it. is intended that t li.» 
dredge shall he in operation night and day. The output per hour will be 600 to 
1,200 yards for e;tc!i dredge." 

Pour sheets of drawings showing the main features of above 
dredgosare attached to the Chid' n|" Engineer's report for 1897, Part 
:i, and a detailed Specification of dredge No. 4 obtained from Major 
llaudlniry is attached as a separate appendix to these notes. 

The original cost of the two dredges, Major Hnndbury's X'os. 3 
and 4, Unit by the Bueyru.s Co.. South Milwaukee, Wis., whs 
$204,800, or SioL'Jofntu each. 

After delivery and trial of Xo, :j, it was found necessary to 

make a Dumber of changes and additions to these 

IraproTfiinjritB made dretlges to .suitably equip thelu for their held work. 
in Major llttnillmrv'* _, ,, ,, ./ i i _ 

N<».:i:»»ii Hie following are the most important alterations 

made ; — 

"A travelling carriage was built in the engine room, running both athwurt 

ships and fore and aft on iron beams, so that the paxta of the main pumps ana 

engines can be lifted out aud moved fey chain blocks without setting up shears or 




20-inch Edwards Cataract Pump. 
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supports. A shifting gear was made for the winch engines so that both enn 
be handled at. the same time by one operator. The blow-off pipes were provided 
with an extra valve. The large jet pumps were connected with the fire hose. 
The donkey boiler was supplied with a XwA pump and heater. A brass top was 
put on the winch deck railing. A nosing of 2-tnch halt' round iron was phieed 
across the head to prevent the cutting of lines. Iron jackets were placed around 
the chimney casings, and the space, between them and the casings filled with 
mineral wool. Additional chains and blocks were made for holding the suction 
pipes. A counter shaft, was put up in the machine shop to change the location 
id' the driving belt A wedge ring Was fitted to each discharge pipe near 
'lie Swivel joint to change its direction ; a line of sneaking tube was put up on 
each side front the forward deck to the stern, and others connecting the engine 
room with the boiler room and forward deck. . . . The cabin staira were 
moved , . , the ceiling was removed so that the kitchen extended up in 
take in the transom* ... A new hood was made for the blower and its 
-peed increased by a larger pulley on the counter -diafr. A lighter set of run 
hoards was made for the pipe line and shorter pins for the couplings. To increase 
the buoyancy and stability of the pontoons iron wing hoses or compartments were 
bolted to each side, increasing the width of the pontoon from 8 to 14 feet ; these 
hoses were made of , :, , t inch iron with frames of 2x2 x ^ inch iron, riveted cold 
<md caulked with a pneumatic tool ; they were fastened to the pontoons with bulls 
fends watertight with rithber washers." 

All tin; above alterations were made on the dredges after 
delivery, excepting those referring to rearrangement of the cabin 
stairs, kitchen bulkhead and blow-off pipe which were carried nut on 
Mo. 4 |>v tin- contractor during const met ion. 

Mr. Ockersoit's paper also includes a description of the Dredge 
11 Baylev" built as Ions ago ap 1877 by Mr. Eads 
lor use in the channel between the 1 'asses mid the 

Jetties. The Bayley is a self-propelling dredge about 200 feet long, 32 
fcet. wide and It) feet depth of hold. She ptimps into spoil-bins forward 
"f the engines, and then takes the silt out to sea or other dumping 
S-O'ound. Tinai'di built so lung ago site is still in use but, owing to the 
great loss of time in transporting the dredged material, she could hardly 
be classed at the present time as an efficient machine for the lowering 
"*' bars hi a river channel, ami need therefore not be described here. 

The results of efficiency tests of the different Commission dredges 
*W given by Mr. Ookersofi ami are also to he found in the reports of 
the Commission for 1 8 f> 7 and 1898. In those reports will also he 
"*imd detailed specifications and some plans of the --end dredges. 
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The reader who is surhViently interested Is referred to them for any 
additional information he may require. 

The statement on the following pages shows the principal features 
uf tin; Commission dredge bouts operating on the river helow Cairo. 

During the low water season of 1 807, four dtvdufes were at work 
on liars; the eost of operating them for the season was as under : — 



Labour 

Fuel 

Subsist i-iuv ... 

Lubricant * ... 

Lighting smpplios 

Miscellaneous *ii]*jiii('s ... 

( tftii'c supplies 

Hire of tow bouts for moving plant! ... 

Pre [in ratio 11 ami moving into fi<'I<l ... 

Moving bo winter quarters at end of season 

Cast of inspection and supply boat ... 

Cost of operating two survey boats ... 

Tom. 



$25,704-00 

13,474-00 

7,587*00 

971-00 

21 5-00 

1,5*28-00 

145-00 

10,116*00 

3,269*00 

4,687*00 

10,555-00 

S,« 74-00 

187,875-00 



PBtNCIPAL FEATURES OF SOME OF THE DREDGE JIlUTS OPERATING OX THE MISSISSIPPI 

RIVER BR LOW ST. LOl'IS. 





GAMMA. 


DELTA. 


EPSILON. 


Maj. HANDBURY'S 
No. 1. 








HILLS. 












Materia) 


Steel 


Steel 


Steel 


Steel. 




Length 


His it. 


175 ft. 


1.-.7 It. 


liiu t't. 




I'.ri'inltli 


as ft. 


38 ft. 


40 ft. 


40 ft. 




Depth 


7 ft. 10 ins. 


K Ft. 4 ins. 


7 ft. (I ins. 


IS ft. 6 ins. 




1 h';ifl 


54 ins. 


i>4 ins. 


4<1 ins. 


42 ius. 




Displacement 


1140 tons 


880 tons 


lid.'i tuns 


(125 tons. 




MAIN ENGINES. 












Number 


1 


] 


2 


2 




T v | >e « - ■ 


llnri/1. C'ross-Ctimj). 


Vertl. Com p. Ootid. 


Horiid. Tandem 


C oni|i o ii n il N o u - 


^*, 




Cotid, 




('(imp. 


Condensing, 




Diam. of Cylinder? 


IK. 82 1/2 ins. ... 


22, 4* ins. 


1(1, M ins. 


15, 2H ins. 


t<4. 


Stroke 


22 ins. 


24 ius. 


1 H ius. 


IK ins. 


y: 


U evolutions jut niiu. 


ISO 


145 


1H(I 


175-200. 


^_ 


Steam Pressure 


14(i lbs. 


160 lbs. 


15ti lbs. 


120 lbs. 




Indicated II. 1*. 


it:. 


BOO 


B50 


300. 




AIR IT MPS. 












Type 


Single 


Single 


None 


None. 




Cylinder 


10 ins. 


] % ius. 








Air Pump 


IK ill!.. 


IK ins. 








stroke 


IK ius. 


24 in>. 








MAIN PUMPS. 












Number 


1 


1 


1 


g 




Type 


Double suction 


Single suction 


Hniible miction 


( 'entrifugal (Edwards). 




Hi am. of Runner 


| lill ins. 


HI ins. 


fi!l ins. 


50 ins. 




Peripheral vol. per uiin. 


2,712ft 


3,080 ft. 


3,505 ft. 


2,487 ft. 




Peripheral rd. pet see. ... 


4."i ft. 


51 ft. 


58 ft. 


41-5 ft. 




Hiam. of Suction 


2 of L'l ins. 


4 of 17 12 ins. ... 


2-24 ins. 


20 ins. 





PRINCIPAL FEATURES OF SOME OP THE DREDGE BOATS OPERATING OH THE MISSISSIPPI 

RIVER BELOW ST. LOCTS.— (amtd.) 





GAMMA. 


DELTA. 


EPSILON, 


Maj. HANDBURYS 
No. 4 








Width Suction month ... 


HI ft, 


38 ft, il ins. 


20 ft. 


10 It. 




Max. depth suction works 


16 rt 


HI it. 


u; it 


15 ft. 




1 Uniii. ni Discharge 


:U ins. ... i 


:ll ins. 


32 in*. 


24 ins. 




Nom. cap. sand, per lion r 


800 en. yds. 


800 en. yds. 


1,000 en, vds. 


l.OlHJ en. yds. 




Avi'. barge tests sand per hoar I897,(a i 


1,523 en. yds. 


1,850 en. yds. 


2,353 .. " 






A vi'. of IS'I* continuous* still water 


1,008 ., ' 


1,269 


1,803 


... ... 




tests, (/<( 












Sand i**r lir. |ht I. 11. P. in (a) 


8*2« en. yds. 


I iii' en. vds. 


:;-:ts oil. yds. 







» {>') ■• 


L'-lL' ,. ' 


I-iM „ *,. 


2-00 .. '., 






SAX li A (JIT A TORS. 












Ty [ ie 


Water .1*1 


Mechanical 


Water .let 


Water Jet, 




Tyj l' Pomp 


IVntril'iiijul 


N me 


Centrifugal 


Worth ingtou (' i> in- 
pouud 1 tuples Non- 
Condenning PInnger, 


.*- 


Si/." 


IS in-. 




l.'i Ins. 


12 ins. Plungers. 




Dittm. & stroke i>f engine 


li & Tl x 1 1 in. ... 


1 2 1 1 & . 1 2 1 1 X 

1"» in. 


!*> & L'l'x 12 in. ... 


.S & 12 x 10-in. stroke. 




NlltutxT Of j' L t- 


:i 




lu 


2 of ;t euch. 




Diam. of jets 


SJ 1 4 


, 1(|kl 


;" ins. 


1 1 2 in. 




Pressure 


14 lbs. 




14 His. 


65 lbs. 




ELECTRIC LIGHT PLANT. 












Type of engine 


Horizontal licit ... 


Vertical Belt 


Horizontal Direct... 


Single Cylinder Ant. 
Cut-off '•>:, 11. P. 




Plum, of Cylinder 


8 in.-. 


7 ins. 


'i ins. 


7 ins. 




Stroke 


lu ins. 


Kins. 


l! ins. 


10 ins. 




Type "( Generator 


4 pole 


1 4 pole 


1 pole 


Multipolar direct cur- 
rent. Constant Po- 
tential 1 10 volts; . 





Capacity 

SeaMi lights 
Are lislits 
Incandescent lights 

BOILERS. 

Number 

Type 

Diameter 

Length 

Tubes i>r llui'- 

Tnl>ps diameter 

Tidies length 

Total beating surface (r) 

Total trrate surface (*/) 

Ratioof (r) & (</) 



J 2 K W 



CREWS 



< hi dredge 

'hi huge lender 

< hi small ten lor 
On [iile sinker 



GENERAL. 



Contractors 



,_ ('nil tract price 
w Final cost 

When completed 



1 
4 
7. r . 



fi 

Mississippi River 
48 ins, 
28 ft. 



.. .1 



1 1 inches 

88 ft. 

2.."»72 sq. ft. 
137 1 2 sq. ft. 
1M-7 



9 K. w. 

I 

i 

[Oil 



Heine Water Tube 



44 
2fi 

IG 



J. S. George and 
Howard P. Eells, 
Reeei vers, Hue ynis 
S. S. A 1>. Co. 

$85, 530-fiO 



140 

3 1 1' ins. 
16 ft. 

8,184 sq, ft. 
21? uq. It. 

::*■:; 



II 
26 



August 1891 



Xew Yuri; I (redskins: 

Co., Geo. W 
Catt, Preat. 

$184, 94D-O0 

August 1897. .. 



12 K, \Y. 


9 K. W. at 850 rer. 

per minute. 




1 


1 of 4,O0Ov. p. 




2 


2 of 2.0011 c. p. 




75 


75 of Ifi e. p. 




fi 


2 of (Kin. 




M i-sissippi River 


Mississippi River. 




IS ins. 


4-K ins. 




2* ft. 


28 it. 




8 & 2 


5 tines. 




1 1 & IS ins. 


1 1 ins. 




28 ft. 


I'* it. 




8,000 sq. ft. 


3,780 si|. ft.forfi boilers. 




143 sq. ft. 


ins sq. ft. 




21 


35, 


IS. 

-_■■ 


n 


■|i! lor double new. 




2t; 


Not in regular atten- 
dance 




n; 


1. 




7 


Taken from dredge. 




Springfield Roiler & 


Several : Pinups liv 




Manfg.CV.C.C. 


Edwards), Eng i n os 




Brown, Prest. 


Uiiryrus Co, 




SI 02. 000-00 


$102, 000*00 

$111, ooo-oo* 




March 1898 


18117. 





Includes the cost gf 1,(WU feet of 24" discharge pipe ami improved -Kuiluoiift. 



HYDRAULIC PILES. 

In the early operations of tin.- dredge nunniit tec with their 
experimental dredge it was found advisable to use special hydraulic 
piles. In operating the dredge, two sueh piles arc set about 25 feet 
apart near the upper end of the cut to be excavated. A wire rope 
about 1,000 feet long is attached to each of them arid fco the haul- 
ing drums on the dredge. " If the wind does not deflect the dredge 
from its propel 1 place, it is allowed to swing freely in the current with 
the discharge pipes (railing below it. If necessary, side piles arc set, 
and by means of lines attached to them, the dredge can be hauled into 
such position as may be desired. In dredging, the boat is pulled 
ahead upstream at rates varying with the depth of the material 
taken out, the average movement being about 60 to 75 feet per hour. 
After one cut is finished, the dredge is dropped down again to the 
lower end of the bar, the head piles are moved over about the width 
of the cut, and another cut is made near by and parallel to the first. 
This process Is repeated until a channel of the required width and 
depth has been secured." 

Mr, Ockerson says, " There is perhaps no single feature which 
facilitates this matter oj' dredging as inuch as the hydraulic, mooring 
piles (see plate). The ease with which they can be set and with- 
drawn, and their great holding power make them really indispensable 
where dredging is done in strong currents. They arc sunk 15 or 
20 feet dee]) in the sand, and the head lines are attached to a shackle 
down at the surface of the sand and consequently ihcre is little 
danger of bending, A pile sinker provided with suitable leads and 
hoist, pumps and boilers, is required with each dredge. The pi'*' ls 
open at the lower end for the full size of the pipe. On the side of 
the pipe near the upper end is an opening 2l inches in diameter to 
which the pressure pipe from the pump is attached. The ease with 
which piles can be set and withdrawn is shown by results of expert- 
ments quoted below. In these experiments a (5-inch double plunge 1 * 
pump was used. The length of the piles was S4| feet, oul siilc diameter 
1 I inches, thickness g inch for the heavy piles, i inch for the fig' 1 * 
piles; weights respectively 8,250 lbs. and 2,3?0 lbs. each. In eleven 
tests Blade, in depth of water from 2\ to 12 feet, with penetration ""»» 



DETAILS OF HYDRAULIC ANCHOR PILE 
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W ,2^PWE 



i~ -<r-~ J 

ihtitiwj Shown, of i'*wt Sir ft. 



}\ Usth -< uthc_ \ ThtA- k_ 



^te 



i. — 



-+■- 



1]' Hvdrauli r ;»/> t -. j r/»V A 



"Si 



^- 



-15 -ii- 



Gftta-n I Vitw at' tlur P>it 



( -m ) 

piles of from 18 to 20 feet, the pressure required varied from 30 to 
5all)s, The time required to sink the piles varied from 3 minutes 23 
seconds to (! minutes in all but one ease where 8£ minutes was required. 
The piles were then left undisturbed for different periods of time varying 
from \ liniir tu 1 1; hours, when they were raised. The time required 
for raisin «j varied from one minute 5 seconds, to I minute 58 seconds. 
The holler pressure used was from 00 to 80 lbs. In six of the tests 
the hoist only was used to draw the piles, while in the remaining 
five the hoist was assisted by the [mm p. 



DREDGE CAPACITY TESTS MADE IN 1898. 

Special capacity testa of the dredges were made in the latter 
part of 1898, and the following information lias been extracted from a 
report thereon submitted to the Secretary of the Commission by 
Mr. Maltby, Assistant Engineer in charge of the dredging operations. 

In the first tests made at the time of taking over the dredges 
front the contractors, the measurement of the material moved was 
done by deflecting the discharge for a short interval of time into a 
measuring barge. "'This time interval was so .short, averaging 
perhaps a little over a minute, that a small error in reading time 
would seriously affect the computed capacity per hour. This method 
is open to the more serious objection that the determination of quantity 
of material being discharged is bused upon the assumption that the 
conditions existing at that particular time are continuous, which hardly 
seems warranted from experience in dredging operations.'' 

In the tests lately made, the object was to arrive at the capacities 
of the dredges by operating in water without current, which admits of 
measurements of the quantity moved being determined by surveys 
before and immediately after the conclusion of the test. The places 
ehosen for testing were in pools or back waters free from current. 
The dredges were placed in position and worked continuously with 
slight interruptions for repairs, until completion of the test. 

The Gamma excavated eight cuts aggregating 4,56G feet in Iongtb 
during 4j hours and 30 minutes actual drudging- 
The material moved was chiefly fine sand with a 
small quantity of blue mud. The total volume moved, as calculated 
from surveys of the bottom, was 45,85'i cubic yards, or at a rate of 
1,008 cubic yards per hour. An experiment was also made to deter- 
mine the practicability of* cutting into a sand bar above water. "With 
suction lowered to I'Z feet the dredge began to pull into the dry bar and 
after working one hour ami 50 minutes, had cut into the bar a distance 
of 45 feet. This test was then discontinued on account of the very 
large amount of small drift encountered buried in tin* sand, it having 
been demonstrated that the dredge could penetrate the dry bar. At 
the point where the dredge entered, the bar was bluff and 2 few 
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above the water surface ; the height of bar increased to about 4 feet 

above the water at the bow of the dredge when the test was concluded." 

The Delta made four cuts, aggregating 2,71 1 feet in length, in 

a time of actual dredging of 27 hours and 23 

minutes. The quantity of material moved was 

34,365 cubic yards, measured from cross sections 50 feet apart, taken 

before and after the test, and checked by measuring with a planimeter 

the contour areas within the dredged area, before and after dredging. 

Tin.' average moved per bear was 1,259 cubic yards, but on cut No, 4 

where the dredge was kept well pulled up to her work it was 2,550 

cubic yards, Mr. Mai thy remarks that the capacity of the dredge 

seems to be limited only to the ability of the pontoons to carry the 

dredged material away. 

The Epsilmi made four cuts, having a total length of 2,015 feet 

in time of actual dredging of 24 hours and 50 

minutes. Ihe material moved was computed bom 

cross sections at 32,407 cubic yards ur 1,305 cubic yards per hour. 

Tin- primary purpose of the test of the Zeta was to determine 

the practicability of dredging through a drv bar, 

Zetll .7 I 

aod the secondary to measure the capacity of the 
dredge. At the point selected the liar was bluff and about 4 feet 
above the water surface. "The head cables were attached to 
deadnieii placed on the dry bar ami anchors were set out on either 
side of the dredge OH the liar and Side lines made fast to them. 
The test was begun at 2-20 p.m., November 3rd, and continued till 4 p.m. 
November 6th, when, after 02 hours and 55 minutes actual drediSf- 
iug, six cuts had been made, having a total length of 1,785 feet. For 
the purpose of demonstrating the feasibility of eutting across a dry 
bar the test was entirely successful. A hole was cut in the thy liar 
approximately 500 feet long, 140 feet wide at top and having a depth of 
from 3| to 4 feet above water and 13 feet below water, along the axis 
<>l' cuts, tin- sides under water standing at a considerable angle to the 
vertical." 

The capacity test is not considered a fair one for this drudge on 
channel bars where the conditions an* so different. (Nor was it intended 
as such. ) The total volume moved was 40,991 cubic yards, a rate of 
Only 052 cubic yards per hour, due largely to the character of the 
material encountered. The composition of the bar above water and 
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to a depth of about 7 feet below the water surface was pure sand, but 
beneath this was a layer of blue clay. Had the suction been raised 
sufficiently high to clear the clay, & higher capacity would have been 
obtained. The following tabulated statement shows in a eoudensed 
form, convenient for comparison, the results of the several tests : — 
f'oNsoi.iDATKn Statement or Dkbdgb Tests. 

Extreme width of suction in feel 

Number of ruts made 

Total length of cute in feet 

Time actually dredgiug, hours 

Average advance per hour in feel ... 

Average depth of suction below water 
surface in feet 

Average depth of etit in feet 

Average steam pressure ... 

Average speed of main pomp, revolu- 
tions per mi note ... ... L50 ]4d-<* 178-0 179*0 

Station head, main pump, in feet of 
water 

Delivery head, in feet of water 

Jet discharge head, in feet of water,. 

Total Xo. cubic yards mo veil 

Average No. cubic yards per boar .. 
(lost per lineal foot for tame actually 

dredging ... ... ... $0*0i<!i8 $0*09ii; ,sO-142 #0*307 

1 'ost per cubic yard for time actually 

dredging ... ... ... $0.0089 $0.0073 $0*0092 so-0134 

Length of discharge pipe, feel ... TiiO 1,000 1,000 250 to 600 
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GENERAL REMARKS AND COMPARISON OF DREDGES. 

It may now be useful to consider some of the special features n\' 
the different dredges. For the purpose of these notes, the Beta 
is put aside sis too ponderous and on too magnificent a scale for use on 
the Indus River. Its short time tests gave an average capacity of as 
tnudi as 4,!):>o cubic yards per hour, a marvellous result but the 
original coat of the Beta was over 8200,000, and considerable sums 
have since been spent in lessening the draft, re-arranging the hoistine 
and spud machinery, &c, which have brought up the total cost to over 
1250,000. 

The Alpha and Major Hawlbury's N<is, | and ■_» were ux ,, ot .j_ 
mental dredges and may be omitted. The Zeta has been provided 
with jets as agitators instead of mechanical cutters, and is now 
•similar to the Epsilon ; thus the enquiry into the relative merits 
of dredges of nominal capacity of from 800 to 1,000 cubic yards per 
hour is limited to consideration of the Gamma, Delta, Epsilon and 
Major Handhury's No. 4. 

All four meet the requirements as far as the machines themselves 
are concerned. Their value as aids to navigation depends largely on 
the location of the dredged out across the bar, but consideration of 
tins point may be neglected at present as the special object of this 
inquiry is, if possible, to tix mi a suitable design for a dredge to keep 
"pen "dhands" or chutes and the approach channels to canal heads 
on the Indus River, All four dredges are good, practical, working 
time] lines which have been iii commission for two working seasons: 
but, having been built at ur about the same time, they are not 
necessarily developments of each other, and in some feature each is 
more or less experimental. 

To compare efficiency of the dredges it is first necessary to decide 

how it is to be arrived at, and then, if possible, to 

"ft* ' determine to what particular feature of each the 

tCBlclcncy, I 

difference in efficiency is due. In the present state 
"f' knowledge on the subject this is a very difficult problem. The first 
Serious difficulty is that of obtaining a correct measure of the work 
done by the dredge, Opinions differ as to the amount of reliance 
which can be placed on the short time tests and on the measurements 
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of the continuous work tests in still water. The writer does not 
propose to discuss the merits of these tests, but may state that in his 
opinio]} the test of a machine of this description should approach as 
closely as possible the working conditions, that is, it should require 
continuous work for several days and the aggregate material moved 
should be measured to obtain a correct average per hour of the capa- 
city of the pump. The requirements demand a "stayer," not a 
" sprinter." If the discharge could be delivered into an enclosed 
space on dry ground and the solid material he measured after the 
water has drained off, the correct average capacity would be given 
with little chance of error; but there are practical difficulties in 
arranging such a delivery as the dredge moves forward on its 
cut and, in the first place, in finding a suitable locality for such 
operations. 

While there is difference of opinion mi the amount of reliance to 
be placed on the tests made, much weight should not, perhaps, be 
placed on deductions from them. Still, they must give some indica- 
tions of the work done, they are not so unreliable as to be worthless, 
and the writer proposes to use them for general conclusions. 

Referring to the tabulated statement of features of the dredges, 
it will be seen that the Gamma compares very favourably witli both 
the Delta and the Epsilon in many respects. (Unfortunately there 
is no record of tests for Major Handbury's dredges.) Its capacity* 
sand per hour per indicated H.P., in the still water continuous tests 
of 1H9H, was 2*12 cubic yards, the best obtained that year, and in 
the barge tests of 18!)7 it was as high as 3*28. It is true that the 
Gamma was working in the former tests with a shorter discharge pipe 
than either the Delta or the Epsilon, but the Zeta, with a still 
shorter pipe, showed considerably less capacity In its test, and the 
question as to whether the conditions in which the Zeta was working 
were unfavourable to discharge, as claimed by some, is quite an open 
otn*. The cost per cubic yard of the outturn is cheapest with the 
Gamma., and the speed of its pump is considerably less than that 
of the Kpsihm, a decided recommendation for a sand pump in which 
heavy wear must he expected. The Gamma is the smallest and 
most easily managed, its hauling ahead and suction head gear and 
the spud lifting arrangements are simple and efficient ; finally, its first 
cost was less than that of any of the others. It may therefore he 
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concluded that the Gamma is one of the most efficient dredges tin the 
river, and in at least some respects is worth taking a s a model for a 
large dredge on the Indus. 

The writer has had the advantage of discussing the different 
feature^ of the several dredges with the engineers responsible for 
their construction, and lias also quite lately inspected the Mississippi 
Commission Dredges in their winter quarters at Memphis, where he 
saw the different pumps opened out for inspection and repair after 
their season's work. The amount and character of the wear shown in 
the several pumps, particularly in that of the Gramma, .seems to 
have caused general surprise. This, howcver,ean be provided against 
by .suit able linings. 

Beginning at the suction head, there, ha* Ueen considerable 
variation in design ami. at first, an absence of 

\ n ii'l v i'I IV.-i.-ii. . . . ' I 1 • t ■ i 

knowledge as L« * whether lets <ii* mechanical agita- 
tors were preferable to loosen up the sand in front of the suction head. 
There is no doubt now that inordinary circumstances, where nothing 
harder than silt or sand is to be dredged, an arrangement of hydraulic 
jets along the front of the suction amply meets the requirement, 
ik much more simple and uses less power than any mechanical 
agitator yet devised, As regards the shape of the suction head 
itself, while all are hmadened <mt U> take a good width of cut, they 
vary in height iVmn only a few inches in the ease of the Seta to 
as much as two and-a-half feet on the Epsilon and Zeta (the sectional 
area being reduced by vertical lobes, as shown on the view of the 
Epsilon suction head). 

The Gamma and Epsilun have double suction pumps, the two 
suction pipes leading from one common head in each. The Delta 
has one single suction pipe, leading, however, {torn four smaller 
pipes connected with the head ; while mi Major Mamillary's \u. J 
there are two entirely separate plants, each pump having only one 
suction pipe leading from its suction head and each being independent 
°f the other. The arrangement of the Delta is the most eojnpli- 
'' il,l 'd : it involves greater sub-division of the suction pipe and a 
larger number of bends and would seem to be the least preferable 
111 these respects. 

Major llaudhury is strongly in favour <d' the Edwards pump 
w 'ucb has only one suction pipe entering it ; the pump is undoubtedly 



a good pattern unci one in which the linings can easily he renewed. 
On the other hand, the double suction pump is not open to so much 
objection as might at first be thought : the diaphragm on the runner 
apparently fully insets the object of its design without showing par- 
ticular signs of wear. Again, Major Handlmry prefers to have the 
suction heads of his two pumps independent of each other but, though 
there may be some advantage in this arrangement on a dredge with 
two independent pumping plants, the writer is inclined to prefer il 
connected or continuous suction head for the two pipes of a double 
suction pump plant. 

The number of blades, or wings, on the runners of the sand pumps 
seems to vary largely according to the fancy of the maker, from as 
few as three to as many as seven. Four or hve at most appear befit 
suited to the conditions, In some of the dredges the discharge pip* 
is depressed below the water-line, close tu the pump, to assist in 
priming, but in Major Handbury's dredges a suitable priming valve is 
provided and is an improvement. 

There is great variety in the relative proportions given the 
sectional areas of the suction and discharge pipes on the several 
pumps, On the Gamma the combined suction nearly equals the 
discharge area. On the Delta and Epsilon they are 0(i^ and 908 
square inches respectively, while on Major Handbmy's dredge they are 
628 and 90-1 square inches respectively. One apparently objectionable 
feature in the double suction pump is the presence of the pump shaft 
in the bend of the suction pipe as it approaches the pump itself, Tim 
writer believes efficiency of a pump depends largely not only n " 
freedom from bends and obstructions to discharge, but also upon the 
proportions given the suction and discharge pipes. Home makers 
do not, however, admit this to be the ease, but contend that within 
certain limits a small variation of velocity of How makes no appreci- 
able difference. It is stated in correspondence with the writer that 
"many pumps that largely violate these considerations still doefficafci" 
work/' The writer would reply, were the conditions not violated tin' 
pumps would probably do more efficient work. 

Of the different arrangements for manipulating the npud, thtf 
adopted on the Gamma is the simplest. The anchor spud is hoistej 
by means of an upright single acting steam cylinder, the piston of whn* 
is attached to a earn clamp at its upper end which grips and holds tu 
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spud against the slides, In the alterations lately made to the Beta 
this arrangement has been applied, indicating the approval of the 
Commission of this method of handling the spud in preference to 

others tried. 

Of various forms of pontoon pipes, those used on Major Hand- 
bury 's dredges are perhaps the best suited for the requirements ; the 
great desideratum is sufficient floatation to carry the pipes when loaded 
entirely with sand. 

Win ii first considering the question of a larsre dredge for the 
Indus river, the writer was inclined to think it h necessary condition 
that the dredge shun Id be self-propelling, hut on finding that on the 
whole Mississippi river then- were only two such dredges, the Kam, 

a comparatively small one, and the Bailey whieli discharges into 

bins, he found it necessary to follow in the footsteps of the Commission 
and to study the conditions prevailing and the methods adopted to 
meet them. Then, as ha became familiar with the details of the large 
dredges lately built, he was inclined to the conclusion that for the 
conditions of the Mississippi, where large tow-boats are obtained 
without great difficulty, the barge or non-self-propelling dredge is well 
adapted for the work it is called upon to perform, though it is an open 
question whether this would be true of the Indus. So long as the 
dredges were considered experimental, the Commission seem to have 
been satis lied to have them non-propelling. They are, however, at the 
present time building a self-propelling dredge of large capacity, but the 
writer has not obtained any detail of it as he believes the information 
given in the foregoing pages concerning large dredges will meet 
the present requirements and that, if later on information is wanted 
concerning the large self-propelling dredge, it can most usefully be 
obtained after the results of her trial are known. 

While there mav be doubt as to whether large dredges should 
be self-propelling, the writer is decidedly of opinion that small dredges, 
of a capacity of from 300 to 400 cubic yards per hour, can certainly 
be made self-propelling with advantage, especially when they an 
intended for use on such duty as the keeping open of canal mouths 
and other light work necessitating frequent shifts. Light dredges of 
this character are dealt with further on. 



PRELIMINARY SPECIFICATION 1 FOR LARGE 
DREDGE INDUS, 

The following brief specification for the Large Dredge Indus nidi- 
eates the requirements and particular features advisable for adoption 
in the design of a dredge lot* the Indus River of capacity of 800 euliic 
yards per hour. The fixing of tins figure does not mean that this 
capacity is necessarily required un the Indus ; it is adopted merely tot 
convenience, as a standard for the guidance of the dredge-builders who 
will be eons nlted regarding the design and the Assemblage of 'he 
different parts of the machine. 

It is proposed to make this dredge something after the pattern 
of the Mississippi Dredge Gumma, excepting in sued features as are 
mentioned below. 

Hid!. — The hull should be eonstrueted of steel, of from 125 to 
140 feet in length, 3a to 40 feet in breadth, and fi to G feet G inches in 
depth. 

Cabin accommodation should be provided For the Superintendent, 
four engineers and officers, and an extra state-room and sitting-room 
for the Assistant Conservator in charge of dfcedge operations. Accom- 
modation for a crew of thirty men should be separately provided. 
The dredge is intended for use on the Indus River, where the 
temperature varies from 95 to 115 ¥. in the shade, and the accom- 
modation should be suitable for that climate. 

Draft. — The draft should be kept as little as possible within the 
above limitations regarding size <>(' hull ; in no ease should it cxeeOT 
40 inches; if necessary to obtain this, the hull must be enlarged. 

Mam Pump. — The main pump should have two .suetion pipes and 
one common delivery pipe, and be capable of discharging 800 cubic 
yards of sand per hour through 600 feet of the delivery pipe. The pump 
easing should be lined throughout with steel, in plates so arranged as to 
admit of the renewal of any or all of them without difficulty. The wings 
ofthe runner should also be protected with steel plates which should be 
turned down over the sides and ends and fixed with counter-sunk bolts 10 
such a manner as to be renewable. The suetion head is to be designed to 
work at any level between the surface ofthe water and a depth of 18 «^ 
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below and the pump should be capable of delivering the 800 cubic 
yard per hour when the dredge is working at lliis latter depth. 

Suction, and Delivery Pipes. — The material to he dredged is 
recently deposited sand, silt and mud, and if a velocity of 10 feet per 
second in a discharge pipe will carry \'2\ per cent of sand, a 30-inch 
delivery pipe will suffice. With such a discharge pipe, two 20-ineh 
suction pipes will probably meet the requirement of the pump, with, 
however, a slightly enlarged section at the elbows approaching the 
pump, to avoid undue loss of area where the pump shaft crosses the 
inflow. The builders am not to be limited to these dimensions, but 
their consideration should be requested to the relative sections and 
areas indicated and to the necessity for properly proportioning the 
areas of the water passages fco maintain n regular flow mid to avoid 
wear due to the impinging of sand at points where changes in direction 
of Bow oeeur, 

Speetl of l'nnt/>s, d-c— The number of revolutions per minute of 
I he engine and pump should not exceed 14/i. The peripheral velocity 
of the pump runner should not exceed 45 feet per second. 

Unction- I lend find Jet Pumps. — The suction head should have a 
Width of about 18 feet and he provided with an hydraulic pressure 
chamber and jets to loosen up the material. The jet pumps should be 
of the Centrifugal type designed to given pressure of 14 pounds per 
square inch. Five or six jets of from 1 £ to '1 inches in diameter will 
suffice in the whole width of the suction head for the material on which 
these dredges will work, 

Mttin Eat fine*. — The main engines should he of the latest design 
suitable for the requirements, and be subject to the limitation that the 
revolutions pier minute should not exceed 143 and steam pressure 
should not exceed 130 pounds. 

Elestric Light Plwit, /ioifers, d-r. The electric light installation 
should provide for one search-light, two aredights, each of 2,000 e.p. and 
75 incandescent lights each Of Hi e.p. The boilers should he of an 
approved river-steamer type, the grate surface being arranged to burn 
either coal or wood. 

Pun hums. —The discharge pipe pontoons should provide sufficient 
buoyancy to float the pipe lino when loaded with wet sand, so that 
there may be BO fear of the pipe sinking it, l>y accident, when 
pumping, it should become overloaded. These pontoons should be 
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rhouiboidal in plan and arranged to carry the pipe on a centre swivel 
to admit of the pontoons swinging to the current, something after the 
method devised by Major Handbury for his dredges. The discharge 
pipe should he fitted at its end with a baffle plate for the purpose of 
steadying the pipe line while the material is being pumped through it. 

Dredge Outfit. — The dredge outfit should include the necessary 
steel hydraulic leading piles and hydraulic pile sinker required for 
the anchoring and manipulation of the dredge. 

G-enercd. — The dredge should be complete in all respects, and be 
supplied witli all appurtenances provided on the (bininia. 




U. S. Dredging: Steamer Ram. Mississippi River. 



SELF PROPELLING DKEJKiES. 

The Dredge Ram was built by the Buevrus Steam Shovel and 
Dredge Co. In I8i):ifi_>r use on the channel from 

Dredge liiim. " 

the Mississippi river into the Red and Atchafalaya 

rivers. She was built under the direction of Captain John Millis, 

Corps of Engineers, and cost $69,500, Her capacity is about 300 cubic 

yards of mud per hour delivered through 300 feet of pipe. Mr. 

Wooley, Assistant Engineer, in the discussion on Mr. Ockerson's paper 

00 dredges, states that the materia! handled under working conditions 

averages about 150 cubic yards per hour, taking a teat lasting over a 

period of 4^ days, on a reef of compart tine sand. " This dredge 

has handled material for '2i cents per cubic yard." 1 .... " This 

dredge has proven to he an exceedingly satisfactory machine, all 

things considered. The most serious objection that could be raised is 

to the wooden hull, and the small dimensions for carrying so much 

machinery, together with the supplies of lines, etc., that are needed 

for a season's work." 

Mr. Wooley briefly describes I he Kam and met) toil of working 

her as follows : 

Tie hull is of ilif decked barge type, U "> feet long, i~ t*<*et beam, (I feet ti inches 
deep ; tin- propelling engines arc of die modern high prossure western river type 
connected to the usual stern wheel ; the suction pump is a L5-incb Edwards cen- 
trifugal, with ti 8-winged runner, and intake in the starboard axis of pump ; the 
discharge is from t tu- bottom of tin- casing through tin' rear lu a pipe suspended 
below deck to a " V '' near after end of the boal ami just forward ut' the Bpod ; ii 
is diverted to port or starboard at will by the "V* : the out-board discharge is 
connected to a floating pipeline or to a short section (ao feet', suspended by shear 
legs directly from the side of the boat : the. pump suction is carried by the 
cutter frame to the base of the cutter head : the cutler bead U supported at the 
forward end of the cutter frame, and is driven by a 5-inch shaft, made in three 
sections, connected by claw couplings, all supported by bearings on the cutter 
frame anil driven by high pressure engines and sprocket gearing on the bow 
of boat ; the cutter shaft is connected to sprocket gearing by mitre wheels directly 
on the bow of the boat, to permit of the enfter frame being raised or lowered 
through a large vertical are ; the cutter frame has a triangular horizontal section. 
its base bring hinged tu the bow of boat and its apex or forward end suspended 
by wire rope tackle from an A-frame slightly overhanging the bow, the suspending 
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tackle id connected to hoisting engines on tin- forward dock for raising and lower- 
ing the cutter bo the desired depth ; the swinging chain and cables lead from 
friction drama on the bow of boat through the caitter frame near tlin forward end 
to anchors or dcadmen on either side of channel ; the spud is on tlie asis of the 
hull 10 feel from the after end, and hy means of die swinging cables the cutter is 
Muni"" hack and forth across the channel to he cat, with the spnd as u centre anfl 
the distance between Spnd anil cutter as a radius. 

For the work in the Old Kivcr, with the strong enrreni which usually [wevftlfo 
it was found very difficult to use tho pontoons. It was then decided to suspend us 
great a length of discharge pipe us possible from the side of the boat and discharge 
directly overboard. By keeping the dredge well to the side of the channel "" 
winch the discharge was being placed, talcing (he full swing in I he opposite 
direction, it was found that, the material could he place. I (»fl feci away or on top ot 

(he Hat shell outside of the dredge channel It uas found (hat a very 

small percentage of discharge returned to the channel. The ease of manipulation 
much more than outweighed the return of material I o (he cut, as compared with 
the stoppage and loss of time due to buckling and fouling of the pontoon l'" e 
in shallow water 

In cutting through a dry bar, the Cutter head is lowered to the desired 
depth of channel and worked forward just as fast as the material sloughs down 
the face of the cuts 

From the foregoing, it will be evident that the depth of the single cots 
within certain limits has to be determined- by the class of material being bandied. 
The dredge, is always worked downstream, and the greater I he velocity of w e 
current, the greater the necessity for so doing to prevent the fouling of the 
channel behind the dredge. (This working down stream would be the conditio 1 ' 
ill which dredges would probably be used on the mouths of canals of the induS 
river. A- a matter of fact, however, tho Mississippi river dredges are usually 
worked upstream). And when dredging in pure sand, the depth of clear cbaiiue 
behind the dredge and the depth of the culler bead varies from 'J to Ifi inches. 
. . . The Ham was fitted and designed to work with a walking or I 111 * 
spud to he operated by steam, but this arrangement was not successful. *". 
spud is now used only to hold the dredge in place : when it is raised the dredge 
is fed forward by the propelling engine. 

Under ordinary working conditions and depth of cut, the cutter head W 
swung across and back again over the desired width of cut. The spud is raiS fl 
and the dredge forced forward by the propelling engines. The usual torwui ' 
movement is from lei to 24 inches each time and al about four or live nun" ^ 
interval. ,. 

After four years' experience with this particular dredge, Mr. Wooley ^ 
the opinion that a mm bine of this lype, which can devote 75% of its workup 
time tj actual dredging, is quite up 10, if not above, the average. . . . The cu 
head has proved to be amply strong for al! kinds of work. Many piles, siin 
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saw loirs have been encountered ami disposed of, mid not a single 

blade on the cutter has. been broken For the various classes of material, 

Irom stiff clay to sand, and including all kind of th'to-in, the present design of 
cutter head is well adapted. The 15-inch Ed wards' pump has eivon great satis- 
faction, is comparatively easy of repair, has worn extremely well, and is admirably 
adapted to this kind of work. 

There is but one slight objection to the details of this pump : for the high 
Speed required, Mr. Wool ley has found need for larger thrust bearings. With 
some minor alterations and with water jets, he lias been enabled to run the pump 
at, 260 revolutions per minute fur eleven consecutive hours, without undue heating. 
The en gj iii-s were built by the lbuyrus Co. after their own pattern with high 
pressure cylinder 14$ >C 20 Inches and low pressure cylinder 2i'> x if) inches, placed 
on a nirid hollow girder bed frame. The engines ftrO driven at 180 revolutions 
I'er minute and develop under ordinary working conditions with lOllibs boiler 

pressure from 170 to 190 II. P. The engine and pump are connected by belt ; 

the revolutions of pump and engines have a ratio of 2 to 1 The present 

wooden hull has proven entirely too small for the convenient manipulation of Ihe 

machinery The new steal halt will In- *J,"> feet longer, and will contain 

ballast tanks on either side to enable a greater length of discharge pipe to be 
Suspended from the side of tlie boat, and at the siuie time to allow the boat to 
Work on an even keel. 

The propelling engines; are capable of driving the dredge and a tow, consisting 
°t* a large fuel barge as well as all pontoons and other necessary equipment, 
upstream at the rate of o" miles per hour. 

Tin;, writer's attention was early directed to this drudge as pro- 
bably the best suited for the requirements of the Indus Canal mouths. 
He therefore! made a special visit tn her at New Orleans, and obtained 
Wue print copies of plans i of the dredge. A detailed description of 
her will be found in the specification written by Captain John Mil lis, 
"t page 2979 of the Chief of Engineer's Report for 1894, of which 
Extracts "re given below for convenience of reference. 

The "Rate" is a self-propelling dredge of the suction type. Her hull is 
M feet long. 11 feet wide, 7 J feet deep, built of pine, with bulkheads dividing her 
Wto waier-tight compartments. The hull is stiffened with hog chains and bracing. 

Tin- house is double-decked, extending nearly the full length of the dredge, 
Entirely covering in the whole of the machinery. The upper deck provides 
"Wotnmodation for the crew. 

A tuple provision is made for coal hunkers and steering gear, 

The spud is of timber IS inches square, with steam cylinder raising 
yrungeinenl and of sufficient length to hold the dredge when operating in 
•>" feet of wulcr. This spud i- the pivot spoil which the dredge swings when in 
vv «rk. The main boilers are of [lie horizontal tubular type. Each boiler is of steel 

10 
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1*1 feet long, fiO inulie-* in diameter, adapted to regular working pressors of 1 20l1is. 
per square inch. There are 74 3-inch tube*, steam dame iSO inches in diameter 
by .'SO inches in height rivetted to the holler shell. The obiraneys are 30 inches in 
diameter and 35 feet long, with metal jacket 42 inches in diameter for that portion 
of the length between decks. An auxiliary boiler of the vertical tabular type is 
provided, -10 inches in diameter and tl Feet high. 

The main driving engine 13 compound condensing horizontal type, stroke 20 
inches, high pressure cylinder 11^ inches diameter, low pressure 2ti inches i" 
diameter, lied frames of hollow girder pattern with main hearings for crank shad. 
cast on. The bearings are fitted with phosphor bronze linings adapted to adjustment 
for taking up wear. The crank shaft is of steel ;"» inches in diameter, fitted with 
balance crunk discs, &C The main cutter shaft and Winding drums fur hoisting 
the cutter and swinging the dredge are operated by a pair of auxiliary engines 
placed forward on the main deck. Tbe operating handles for c latches and 
throttle valves of the auxiliary engines are placed so that, the engineer from his 
station on the forward deck near the auxiliary engine lias a complete oversight aud 
control of the operation of the dredge. 

The cutter is supported a I the apeis of a strong timber and iron fnuue 
projecting from the bow of the boat. It is hinged at the bow and of snuVh'iit 
length to enable the dredge to work effectively In W feet of water. It also 
enables the dredge to dig her way when there is not sufficient depth lo float her. 

The cutter consists of a conical steel casting to which eight, Crucible east st* 8 ' 
cutter blades are securely bolted, forming a conical cutter head about 4 J feet in 
diameter at the base and ~J. feet in diameter at the enter end. The cutter blades arc 
; jf inch thick with strengthening ribs. Tbe cutter is carried on a steel shaft 
5 inches in diameter, (fee. 

The main suction pump is a centrifugal of the Edwards' pattern, with suction 
and discharge openings 15 inches in diameter, mounted on ('. 1. bed frame und liuio 
With renewable cast-iron plates. The wings of tike pump runner arc renewable 
steel [dates. The top of the casing can he removed without difficulty and the lining 
pieces be replaced in a very short, time. (The foreman in charge of the boat 
informed the writer that, there was no difficulty experienced on account of ihe wcai' 
of these plates because of (he facility in replacing them when necessary.) ' '"' 
suction and discharge pipes are 15 inches diameter, provided with flexible suction 
hose aud couplings as indicated on the plan. Ontside the hull the discharge pij ,L1 
is welded ste.d, tfl inches inside diameter. 

These extracts assist considerably in enabling one to arrive ftt ft 

correct idea of the efficiency id' the Kain. It. must be 

remembered that she was built in 1893, «** 

hydraulic dredges were a comparative novelty. With slight alterations 

and improvements, as would be made in the current day, a, dredge ° 

her description would undoubtedly du good work The alternate 
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of sitte discharge or stern delivery ia ;i decided advantage on a 
small dredge intended for the deepening of approaches to cm nils 
taking off from a river. In fact, experiments with a side delivery 
pipe from 100 to ^00 feet long instead of a stern floating pipe have 
been suggested for the large Mississippi dredges, as it is recognized 
that the side delivery, if applicable, lias many advantages over the 
stern delivery, and i( is argued that tin* re is generally an up-stream 
and down -stream side to the artificial channel eut, *' and it appears 
that if the excavated material could be delivered on the down-stream 
side, it would either be taken away from the cut by the current, or, 
if it remained where deposited, would act as a training dike, and serve 
to increase the natural scour in the channel. The saving would be in 
the increased output with the less friction in the shorter pipe." 



SMALL DREDGE INDUS. 

The writer considers side deliver? an essential on a light dredge 

for tlif Indus cjiiiftl mouths, Imt In- would tilsn provide a small 
outfit of pontoon pipes for discharge astern. The .side delivery 
should be to a distance of at least 100 feet from the side of the 
dredge. Tins adds slightly t<» the difficulty of design, as it neces- 
sitates provision for tanks to serve as counter-weights on both 
sides of the boat so that the discharge may be delivered at either side at 
pleasure and still keep the dredge on an even keel. This lengthening of 
the side delivery and its suspension, shear legs, &e,, exaggerates the 
objection which the writer has to the general principle on which the 
Kam is worked, that is, of swinging on a spud in order to obtain an in- 
creased width of cut. The swinging motion is obviously also objection- 
able when discharging through .stern pontoon pipes and, as experience 
lias given great success with the hydraulic jet as an agitator, a simple 
solution of the difficulty is to provide a broad Hat suction head with 
jets something after the design of those used on the larger dredges. 

The following preliminary specification indicates 
^'[nlis'""' 1 briefly the requirements of a light dredge for the 
Indus river. 
fieneml. — This dredge is intended for the purpose of keeping 
open the entrances or approach channels to the mouths of large 
canals taking off from the Indus river. She should be self-propel- 
ling and lie capable of delivering :S00 cubic yards per hour of smid, 
silt or mud (recent deposit, deposit of silt caused by fall in stage ol 
the river in the early part of the Hood season, or deposit of silt left 
on the falling stage of the river, at which time the supply of water in 
the canal or depth in channel of approach has to be maintained}* 

The material is to he delivered through a pipe at I he stern of the 
boat into a discharge pipe carried on pontoons of a total length of 
1(00 feet, or to he delivered to either side of the dredged channel at a 
distance of LOO to 120 feet, at a height of Ml feet above water surface ; 
the pipe, suspension shear legs. iSfc,, for the side delivery being all 
provided and carried on the dredge itself. 

Hull. — The hull should be of steel and about LOO to lla (eet iii 
length, of beam and depth suitable to give a draft not exceeding 30 inches. 
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Engines. — The propelling engines should be of modern high 
pressure type, connected with either stern or side wheels, as preferred 
by the contractor. 

Pump. — The pump should be capable of discharging 300 cubic 
yards of sand per hour through 300 feet length of delivery pipe. The 
peripheral velocity of the pump runner should not exceed 45 feet per 
second. The suction head should be provided with hydraulic jets, say 
.six of li-im-h diameter, to agitate or loosen the material on which the 
suction is working and should be arranged to work at any depth up 
to 12 feet below the surface of the water. The width of the suction 
head should be about 16 feet. 

The pumps should be directly connected with the engines, and 
the number of revolutions per minute should not exceed 140. 

Electric Light Plant, <£*c— The electric light installation should 
provide for two arc-lights and seventy-five incandescent lights. 

The designs should provide for cabin accommodation for a Super- 
intendent and four officers, and separate accommodation for a crew of 
ten men. 

The outfit should include steel piles and pile sinker, if such are 
considered necessary for the working of this dredge. 

The discharge pipe pontoons should provide sufficient buoyancy 
to float the pipe line when loaded with wet sand. 

If it is necessary, when using the side delivery pipe, to apply 
a, counter-balance on the other side of the boat to keep her on an 
even keel, water tanks should be provided for this purpose and to 
admit of delivering the material at cither side of the boat as inav lie 
convenient. 



APPENDIX A. 

Office oe the Sbcrktabv, Mississippi River Commission, 

St. Look, Mo,, February 28, 1890. 

Tiik following general instructions arc issued Fur the guidance of assistant 
engineers an J others under the orders of this office. 

MASOS M. pATfliCK, 
Captam, Corpa of Engineers, 

■S, -niurif, Missixxipju Hirer Commission. 



SURVEY OF THE MISSISSIPPI RIVER. 

The ohjeets of I In- Survey of t In* Mississippi River are, to obtain sufficient data 
'in- an ace ura to topographical ami hydrographicni map which may be used in 
studying the physical characteristics of the river, planning improvements, ami 
also serve as a basis for Future surveys by means of which the, changes in bed and 
banks may be ascertained, and their causes and effects studied. The importance 
of having the work accurately done and the information embodied therein reliable, 
is therefore apparent. 

The experience gained in previous surveys, covering a period of many years 
suggests the following instructions relating to the scope of the work and the 
methods to be employed, oilier points may present themselves as the work pro- 
gresses and new di Hi en I lies are met. with. 



INSTRUCTIONS FOB SECONDARY TRIAXOULATIOX. 

Locating Stations.— In locating stations it is desirable to fix them at such 
points as will give good conditioned triangles. The smallest angle in any triangle 
should never be less than 80* and but Few of these should be permitted to enter 
Into the system. The triangles should lie in such a way that pointings can be 
'Made from any slat ion to (he stations immediately above and below on the same 
side of the river. Thai is, blind lines should always be avoided. Other things 
°eang Oqnnl stations should be set where they dan he readily found and where they 
will not be liable lo be disturbed. 

Reading Anglfis. — The angles will be read with Troughton & Simras theodo- 
lites, Nos. 1 and 2, ten-inch limbs, having micrometers reading to seconds. The 



( 248 1 



instruments will be mounted firmly and protected from sun :nnl wind when in use, 
The value of the angle will be determined by right combined results road as 
follows : 




The instrument being at A, carefully levelled and in good adjustment. Willi 
the vertical circle to the right, or telescope direct, and lower motion fixed, point 
successively to A 1, 2, 3, 4, recording the readings ot* hoth micrometers for eueh 
pointing. This gives a positive result for each angle. Then (mint lu A i. '•*>> -• '< 
and record readings as before. This gives a negative result lor each angle. A 
mean of the two ghes one combined result. The readings in a positive and 
negative direction will eliminate twi-t of station or instrument, provided the 
readings occupy Ijnt a short period of lime during which the twist, if any, i* 
uniform, 

Fur the next eomhined result. The telescope will now lie reversed, that is 
revolved through, leaving the pivots iu the same wyes and the whole will be 
revolved 1*0" in azimuth. The vertical circle will then be on the left ; the limb 
will be shifted 22 i* and the stations will be read forward and back as before. 
The notes for this series will lie headed " circle left." Reversing the telescope will 
eliminate errors of cullimalion, small level errors and inequality of pivots. Shifting 
the limb so as to read the angles at equal intervals around the circle will eliminate 
periodic errors and errors of graduation, 

The same programme is followed until all the result- arc obtaineil, the limb 
being shifted and the telescope reversed after each combined result. 

Tin* micrometer should be adjusted so tba run will he nearly zero. This 
should, however, be tested at the beginning of each day's work and entered in the 
note-hook. 

Claiing Triangles. — The error in closing a triangle should rarely reach and 
never exceed six seconds and the average closure should be much below this- 
This will require great can.- in the centering of instruments and targe! s. £ 
discrepancy of one-third of an inch will give an error of a second in a distance 
of ono mile. The transparent cloth, phaseless target which has been especially 
designed for this service will be used, the size varying with the length of triangle 
aides. 

Base Lttwx. — Base lines will be measured at intervals of about l. J triangles. 
This will be done w ith the o\H.Moot steel tape. The line should be carefully 
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staked out iinJ its grade determined iiistrnmentsilly. Supporting stakes will lie 
driven lit intervals of iifl feet. The stakes marking the extremities of each 
tape length will lie firmly set ami free from any disturbing influence due to 
tension of tune or otherwise. On these stake?, strips of zinc will be fastened 
and remain until the whole measurement is completed. The temperature of 
the tape will lie determined by three thermometers placed near the ends and 
in the middle of the taps, They will he attached to suitable supports and 
placed with their bulbs near the tape when measurements are being taken. 
Observers must, be careful to keep sufficiently far away so as not to affect the 
thermometers. 

The tape will be suspended in books at intervals of 30 feet and attached in 
such a way that it may swing freely and eliminate friction as far as practicable. 
The tension of the tape will lie kept uniform while measuring, by attaching 
a weight of l(i!b. The extremity of each tape length will he marked on the 
zinc strip with a line line and suitably designated. The preservation of these 
strips furnishes a ready means of comparison of each tape length at any future 
lime. 

The line should be measured two or more times with a discrepancy when 
reduced of not inure than 1 in 250,000. This can readily be done if measure- 
ments arc made on cloudy days or at nigbt. 

Observations for Azimuth. — The azimuth of each base line will be determined 
by observing, with a triangnlation instrument, two closely eircum-polar stars at 
elongation, on two different nights. 

The instrument and light should preferably be at the extremities of the base 
or a triangle side. The following order of observing will be u<od : 



1st 

Circle right 

Point to light. 

Feint to star ami note time. 

Read level direct ami reversed. 

Point to -star ami ante t f nn-. 

Point to light. 

2ml. 
Shift limb 4fl, 

Circle left. 
Point to light. 

Point tn Mtar and note time. 
Read level direct ami reversed. 
Point to star ami note time. 
Point to light. 



3rd. 
Shift limb 45.= 
Circle left. 
I 'i lint to light. 
Point to star ami note time. 
Read level direct and reversed. 
Point to star and note time. 
Point to liu'ht, 

4 th. 
.Shift limb 45. 
Circle right. 
Point to light. 
Point to star and note time. 
Read level direct and reversed. 
Point to star and note time. 
Point to liftlit. 



In the above programme the readings on the striding level may be omitted, 
Itod for the second pointing to the star there may be substituted a pointing to 
the reflection of the star from the surface of mercury. 
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The prog rain me will then he as follows : — 

Circle right. 
Point to light. 
Point to star and note time. 
Point to reflection of star and note time. 
Point to light, 
etc. 

On the second night repeat this programme starting with a reading of tioib 
45° greater than the last reading of previous evening. 

It will probably be found most convenient in tlie.se observations to 088 
Polaris, Drsae Minoris, tJrsae M inoris and "il (Vphoi. 

The time will be determined by observing the meridian passage of high and 
low stars. 

Stone Line Benchmarks. — At intervals of about three miles along the river, 
lines of pipe and tile mark;; will bo set for future surveys. 

These lines will bo numbered and located about as shown on maps of previous 
surveys on file in this office. 

The marks nearest the river will he far enough back to be safe from erosion 
for many years ; the others will be half a mile farther back. 

In cases where the bluffs are near the river the rear marks may be omitted. 
The marks will preferably be placed at property corners, along public roads or 
ou property lines, in places where they can be readily found and where they will 
not be liable to disturbance. 

It is desirable to determine the azimuth and distance between the successive 
marks on the same Hue when practicable. The marks should also lie as nearly in 
a line as the conditions of location above named will admit. 

The marks will be connected directly with the secondary triangulation where 
practicable, by pointings from two or more secondary stations, three pointings 
from each station, and by pointings from the mark to be located to two stations 
that will give a fairly good triangle, three pointings to each station. 

Where the points cannot bo located directly from the secondary work, a 
tertiary system may be used, starting and closing on a secondary line or on a 
tertiary base. In this work the angles may be read with a good I0-soeond transit 
and the triangles should close within 15 seconds. A steel tape or chain may also 
be used whore desirable in locating the point which is farthest from the river. 

Cutting Timber. — Cutting timber to clear Hues of sight or for material wit? 
which to build stations should be avoided as far as practicable. Where cutting I* 
necessary a strict account must be kept of the number of trees cut, their size and 
kind of timber. 

Descriptions of Staliunn, — A minute description of each station will be made 
and entered in a note -book kept for that purpose. This description will be 
complete for each station and will show what the geodetic point is, and a©S* 
marked. Its location with reference to surrounding objects will le shown by «» 
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accurate sketch giving azimuth and distance to bearing trees, houses or other 
prominent objects, 

A similar record will also be kept of the stone line marks. 

Vertical Angles. — Will be read at all stations. Pointings should h? made 
with telescope direct and inverted. 

The height of the instrument above the permanent fcriangulation marks will 
be measured with a (ape line and the result will be recorded. 

At convenient points the permanent triangulation marks will be connected by 
levels with the permanent benchmarks. 

Field Computations and Reilui-tions. — Will be made in detail of all azimuth 
work, base line measurements, triangle sides, elevations of stations, locations 
of stone line benchmarks, tertiary points and the L. M. Zs of all located points 
connected with the secondary fcrt angulation. 

The notes will bo kept in the following form : 
{ I.efi band pftge.] 
At®... 18<).,. 



Objects, 



Af it: minder A. 



Mil'ITHIH'llT I'., 



Mean of micrometer 

millings. 



f Right hand jingo, J 



Observer. 



Angle, 



Mi'im A rule. 



Tinw. 



lie marks. 



INSTRUCTIONS FOR PRECISE LEVELS. 

/itsirHiiuuls. — The instruments used on this work are the Kern levels and 
rods simitar to those used in the precise levels of Switzerland, and were made by 
J. Kern, of Aarau. The instrument, with tripod, weighs 2i pounds. It has three 
Bteel levelling screws, with enlarged spherical ends at bottom, which are held to 
the tripod head by clamps fitting over the spherical enlargements. The wye 
adjustment is by means of a thumbscrew of very fine thread, so that the last final 
centring of the bubble is made with this screw. The bubble tube is fixed in a 
striding metal case covered with wood, with brass ends fitting on the collars of 
the telescope. The bubble case has a glass cover and a mirror that may bo raised 
to the angle of 45' and so reflect the babble image to the eye of the observer at 
file eyepiece. The telescope clamps also hold the bubble case in position ; this is 
removed, however, when the instrument is carried. The telescope gives an 
inverted image. The telescope has three horizontal wires, all of which are read, 
Bad the mean taken as the reading of that sight. This also gives a stadia measure- 
ment of the distance. 



( 251! ) 

The roils arc three metres long, made of two pine boards with a T- shaped cross 
section, provided with an iron spur at bottom with a Hut end, find a watch level by 
which to hold it vertical. They arc graduated to centimetres, and arc read by 
estimation to millimetres, No target is used except at river crossings. 

Value of Lend Divisions. — Before commencing operations, the constants of 
the instruments will be determined. The most important or' these is the value ol 
one division of the level tube. This can best be determined by means of a level 
trier. It can also be determined in the field as follows : — 

Set up the instrument firmly, mounting it on a wooden post, if possible, or 
better still, OB a stone pier. Set up a rod in its tripod at such a distance that it can 
be distinctly read through the telescope. The distance should be at least 5tJ m , of 
if the air is very still, I(IU« : , and should he carefully measured. Adjust the instru- 
ment carefully, taking such length of bubble in the level tube that Us ends will be 
about, the middle or tenth graduated line on each side. Direct the telescope to the 
rod, and by means of the elevation screw cause the bubble to ran to near one end 
of the level. < 'a re fully note the position of the three wires on the rod and the 
reading of the level. Now, by means of the elevation screw cause the bubble to 
run to near (he other end of the tube and note the reading of the wires and bubble 
as before. One result for value of one division of level can then be obtained. 
Tins operation should be repeated ten limes. The elevation of the rod should be 
changed occasionally between sets in order to avoid estimating the same part ol the 
same centimetre on the rod. If will be sufficient to run the bubble five divisions 
each side of its central position. 

If/: ~ distance from instrument to rod, in millimetres, 
d, d l 3= distance through which eye and object ends of bubble move when 

d + i/ 1 
run from near eye end to near object end, - — ;> — = amount of displace- 
ment of bubble between two readings, 

r. r- 1 = corresponding means of three thread readings on rod, and 

u = value of one division ot'level in seconds of arc. 

'■' = value of one division <>f level in millimetres per metre. Then 

_ t (,» - r) 

k sin 1" (d + d>) aIul 

, 2( K><> Q 1 — r) 
'' ~ X- (d + </>) 

Tables. — With the value of one division of the level, tables will be constructed 
showing the correction to be applied to u rod reading for an observed inclina* 
tion of the level and for a distance determined by interval between extreme 
I breads. 

If the level bubble is well ground, erptal displacements of the bubble, say ot 
two divisions, will correspond to equal displacements on the rod. 
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Level Fasleiitiufn. — Before using the level, or determining its value, the 
fastening of the tube in in case should be examined. One end should ho damped 

down just tight enough to prevent the tube from moving easily but. not tight enough 
to strain the gin*?. The other end should be lightly clumped so that the tube niav 
be free to expand and contract with temperature changes. The eottou packing 
at the ends should not exert a lateral strain on the tube. AH level tubes will be 
numbered and have their numbers marked open them. 

Iiwijiialiiij (»/' Telt'smpr Ri/urs. — In order to determine the inequality in the 
telescope rings, the instrument should be mounted on a stone pier or other Itrni 
Siljjporl and carefully levelled. The ends of the horizontal bar directly under (he 
"yes should be firmly supported by hlueks or large nails to prevent motion of the 
instrument in a vertical plane. The level should be carefully adjusted and the 
instrument clumped to prevent its moving in azimuth. Now with the eyepiece of 
I lie telescope over the elevating screw, note the reading of the bubble when level is 
set on telescope, hoth in direct and reversed position. Now reverse the telescope in 
the wyes, and read the level as before. Several sets, of observations should be made. 

Let h,ft , = inclination of telescope as denoted by means of level readings 

with telescope direct and reversed, then the inequality of rings ;>= . ' ' \ c' = 
value of the inequality of rings in millimetres per metre. 

Sixteen determinations of the value of /> of two instruments is use on the 
Lake Survey gave prohublo errors of ± 0*'O46 and ± l)"-041. 

The inequality may be expressed in seconds of arc if desired, but for purposes 
of computation is best expressed in millimetres per metre, as it can then be 
Combined directly with the errors of adjustment of level and collimation. 

Centring <>/ Objed'tflass, — The centring of the object-glass will be examined. 
This may be done as follows : — 

Draw out the eyepiece until the thread- are no longer visihle. Direct the 
telescope upon some well defined object, and while looking at it, rotate the telescope 
in its wyes. If the object remain- steady, the object-glass is sufficiently well 
"■nircd. Should the object appear unsteady, the fault can only be remedied by 
:| maker. The objective should be firmly screwed into the telescope. 

HV/y interval*. — The values of the wire intervals will be determined as 
follows :— Set up a rod at carefully measured distances of 10"', 20 m , 30™-— 100"" 
bom the instrument. Head the rod ten times at each distance. The rod may be 
altered in elevation, the level may he caused to change, and the telescope may 
'"■ rotated 100° (inverted) in order to change the position of the wires, or threads, 
0«1 the rod. 

Taking the mean of the ten observed differences of readings of the extreme 
""■ea,l s ;,(, t , llc ,j] stjition occupied hy the rod, a table will he constructed giving in 
"'etros the distance of the rod from the instrument for any observed ditl'ercnce of 
fading between extreme wires . 
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Length of Rods. — Unless the rods use J have been previously compared with 
some known standard, they will be compared with each other and their relative 
lengths determined. This may he done by establishing two fixed points, or two 
loot plates, at equal distances from the instrument and differing in elevation about 
2 ,u '7. The distance should be about 10™. Determine the difference of elevation 
of the points by reading each rod on each point. A comparison of the resulting 
differences of elevation will give relative lengths of metres on rods. Ten measure- 
ments with each rod will be determined. The elevation of the instrument will be 
slightly changed between each set in order to eliminate errors in estimating the 
millimetres. Each rod will be numbered and have its number marked on it. The 
rods should also be kept, dry and provided with canvas covers to protect them 
while being carried to and from work. 

The distance, which will be called A. between the zero of graduation of the 
rod and the bottom of the steel spur on which the rod stands will be carefully 
determined ; this distance should be made exactly the same for each pair of roils 
by filing off the steel spur if necessary. This may be determined by measuring 
the distance between bottom of spur and zero or first graduation on rod by the 
use of a right angled triangle and scale. It may also be determined by means of 
another levelling rod, the graduations of which eomtnenco at the foot of the rod, 
by determining the height of the instrument above some fixed point and sulitraef- 
ing it from the reading of the rod to be determined. The relative lengths of tie' 
rods must be known. 

Whenever a benchmark is connected with in such a way that the rod is not 
placed directly on the B. M.. this quantity A enters into the computation ot 
difference of elevation. 

A4$Mtm>it*-— Before commencing work al any time, all adjustments will be 
carefully made. 

Tin- Telescope will be eolUmaled by having a rod sef up at a distance of" SO* 
and noting the position of I he wires on the rod when the telescope is normal 
and the bubble centred, and when inverted or rotated 180" about its axis and the 
bubble centred, then repeat with instrument in first position. 

Let r = mean rod reading when the telescope is normal. 

Let r' = mean rod reading when the telescope is inverted. 

Let I) = distance in metres from instrument to rod. Then collimation error 

C=— , in millimetres per metre 

The collimation error of the mean of the horizontal threads should n°t 
exceed f) nini -l)25 per metre. 

The horizoiihdhit of the horizontal rem'* will be examined by moving i " e 
telescope in azimuth so that the rod shall appear to move through tin- field of WW 
telescope. If the threads are horizontal the reading on the roil will be the same, 
the position of the level which should he closely watched, remaining the same- 
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If the threads are found to ho not horizontal they will he made so by turning the 
telescope a sntall amount in the wyes. When the thread wires have once been 
made horizontal, small screws which abut against projection of wye above 
elevating screw should be so adjusted that wh"ii they press against this projection 
the wires are horizontal. If the vertical thread is then inclined, as shown bv the 
plumb line attached to the rod, it mast remain so. 

To ctdjutt the striding level, i.e., to make the tangent of the level tube parallel 
to the upper surface of the telescope rings, it is necessary to make a lateral 
adjustment, and a vertical adjustment as follows : — 

7V make the lateral adjustment, raise the clips fastening the level to the 
telescope, and revolve the level about the telescope a short distance each side of 
the vertical. If the bubble runs jti opposite directions when 09 opposite sides of 
the vertical, the level is to be adjusted by means of the opposing horizontal screws 
;it one end of the level until such is not the case, 

T» make the vertical adjustment, set up a rod at a distance of about 50 metres 
and read the wires with the telescope normal, level direct and the bubble in the 
centre ; reverse the level, centre the babble and read the rod : then read the rod, 
with the level in the lirst position, to ascertain if any changes have occurred 
during the observations, He careful to eliminate parallax when reading the bubble 
in the mirror. 

Let >• = mean of rod readings with level direct, 
Let »•' = mean of rod readings with level reversed. 
Let f) ~ distance in metres front instrument to rod. 

Then error of inclination, f— y-j-- in millimetres per metre. 

This error is to he adjusted by the opposing vertical screws at one end of the 
level case. The error of adjustment must not be allowed to exceed two divisions 
of the level, fare must lie taken that the telescope rings are free from dust while 
iidjusting the level. After having made the vertical adjustment it. will he 
necessary to examine the lateral adjustment again, since making one of these 
adjustments affects the other. 

To make the tamjeirf of the /eel tithe and eertiad a.fis Of revolution jterpeitdi- 
citlarto each other, loosen the small clamp screw at one cud of the horizontal bar 
fastened to the vertical axis and by means of the elevating screw raise or lower 
fhat end of the Qppor horizontal bar until the telescope can he rotated 180' from 
Buy position and have the level reading the same in both positions, 

To adjust the level attafhrd to i la- n>l, set up the rod in its tripod in such a 
l'osition that when a [dumb line is attached to the small hook near the top of the 
r °d, the point of the plumb hob shall coincide with the point of a small cone 
attached to the roil near its foot. Now bring the level bubble to the centre by 
•neans of the levelling screws. In making this adjustment the rod should not be 
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exposal to the wind us the plum!) line is influenced thereby. This adjustment will 
ho made at least once each day. 

Sitting up tits Instrument. — Each time that the instrument is set up at a station, 
its axis will first he made vertical by means of the levelling screws in such manner 
that the telescope nut}- he turned around the horizon without the bubble of the 
level running a great number of divisions. The telescope is finally made 
horizontal hy means of the elevating screw. The bubble must he in the centre at 
the moment of observing. 

Slirlh-riiii) t/w fush'tnmid. — TW' instrument wlien in use oujjhl always to he shel- 
tered from the sun ami wind. It is carried from station to station without being dis- 
mounted, hut the level should lie taken off and carried in (he hand. The small clamp 
screw at the end of horizontal bar, and tbe targe screw winch fastens (he instrument 
immovably to the tripod, should both he turned tight la-fere moving (he instrument. 
ffolttin*/ Rods. — The rods most be placed on the plates or pins which 
accompany them and held in a vertical position as indicated by the spherical level 
attached. It is advisable bo always use the same rod with the same foot plate. In 
placing Ihe foot plates, great care should he taken that, ihey he horizontal, on firm 
ground, and not liable to change. The surface of the ground, if not linn or level. 
should he removed. When pins are used in hard ground they should not he driven 
down hard hut only far enough to be stable : they will rise tinting observations « 
iliev are driven hard. 

Errorsof Adjwiment^-The errors of adjustment of eoilimution and inclina- 
tion will he determined at beginning ami end of each series of observations, (hut 
is to say, after having mounted the instrument and before dismounting it, and i" 
all cases at least once each day. If the instrument has been deranged by a jar, the 
corrections must be determined unew. 

The algebraic sum of tbe emu'- of adjustment must not exceed two level 
divisions, and commonly should not exceed one. All the detail* of tbe determina- 
tion of the errors of adjustment must be entered in the note-book in their proper 
place, It is always advisable to have the errors of adjustment as small as pussiblc. 
and necessary that they be well determined. The time of making these determina- 
tions will be recorded in the note-book. 

Duplicating Work, — In all work along the main line uf levels each observer 
will duplicate his own work by running over the line In opposite directions. 
preferably under similar conditions a- to illuminations, etc 

Ofihr uf using Rod*. — While connecting two benchmarks the order of using 

the rods will be as follows : 

Rod I t;.,,!-i Rod I. 



B. M. 
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In the above figure led I, I 1 . I 3 . etc., represent the successive stations 

ooeopied by the instrument, H. M., a 1 , a s , etc.. the positions occupied by 

Rod 1, anil ii, a? , etc.. the positions occupied by Rod 2. The instrument 

being set up at I, Rod I in placed on B. M. unci Rod 2 at a, making the distance 
I— a equal to I- 8, M. Rod 1 is then read and immediately afterward" Rod 2, 
The time elapsing between these readings should not exceed five minutes and 
Commonly will not exceed one minute. The instrument is then curriod to I 1 and 
Rod 1 to a 1 , the distances a — I 1 , and J'— a 1 , being Ofjual. Rod 1 will then be read 
and immediately after wards Hod 2. 

The instrument will then be taken to P and the rods read in the order I, 2. 
Work will be continued in this manner until the other benchmark is reached. 
Rod 1 must lie placed upon this benchmark, which will be the regular order if 
there have been an even number of instrument stations. If there have been an 
odd number of instrument stations, at the last station use Rod 1 for both 
backsight and foresight. 

If (he lengths of metres on rods are the same and the values of A of the 
rods are equal, the stretch may be closed on either rod. While levelling, the 
rate of progress in favourable weather will be about one kilometre per hour. 

In order to reduce the discrepancies doe to settling of the instrument, the 
order of reading the rods will alternate. That is, at I the backsight will be read 
first and then the foresight ; at I 1 the foresight will be read first and then the 
backsight, and so on throughout the length of the line. 

Order oj <iti.<rvrii>t/.- Alter having properly levelled the instrument at any 
station, always making the vertical wire occupy the same relative position with 

regard tO th mire line oi" the rod, the observations will he made and recorded in 

the following order : The bubble of the lew] being kept in the centre while 
threads are being read : Ihsi read the level : then the position of the threads on 
the rod will be read, the millimetres being estimated : and finally the level will be 
read again. The observer will then read the rod a second time to make sure that 
an error lias been made. The recorder will then take the differences between the 
readings of the middle and extreme wires to guard against errors, aud if these 
differences denote any error the observations must be repeated. If an error 
exists it will bo shown by too great a difference between the differences. This is a 
mo*! important check and must not lie neglected. These differences will also 
serve as a check upon the distances between the instrument and rods. 

The recorder should also check the level readings, when bubble is not 
centred, to make sure that errors of whole divisions have not been made. This 
may be done by summing up the readings and noticing the length of the bubble. 

Beading Le neb— in reading the level by means of the mirror care should bo 
taken that the position oi' the eye is such that there will be no parallax. Such 
positions can be determined once for all when the mirror is at its greatest angle of 
''Ovation, by a second person reading the level directly while the observer linds 
the position from which the reading of the level in the mirror is the same. 
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Form of FittJ Note*. — The notes will be kepi in the form given in note- 
books, as shown in the sample below. When once n number has been written 
down it must not be erased or uwda illegible, if wrong, a line will be drawn 
through it ami the correct number written above. 



(Left hntul page.) 

Date, October 22. 1898. 



RACKsmrrr. 



Thread Readings. 






ma. oi 


Level 


11,1. 


Remarks. 


i Tkwaufe. 


1 

' Eye. Object 


1 

use . 

1324, . 
Mill 


I lagoT 
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128 ., 
117 
8*5 ... 
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te 


T. II. M.24H. 



Observer, w. S. Williams. 
Recorder, E. E. Whitehead, 



(Right hand pog»3 

Level No. 4. 

Tube No. 2H ftwtfc 



FORES Hit IT. 



Thread BcatUngs, 






iiiff. of 

Tlir-ii'k 


Level. 


Rod. 


Remark"- 




Eye. Object. 

i 


1068... 


"lira" 





127 ... 

118 ... 

215 ... 








1 1 se .. . 


l.V.j lf>*3 


19 





Length of Sights, — Tin* lengths of sights taken will depend upon the 
condition of the atmosphere, but the rod should always be near enough to he 
soon distinctly. It will be seldom that lengths of eights greater than 100 metres 
can bo taken. The backsight and foresight corresponding to any instrument 
station must not differ in length by more than four metres, and the sum ot the 
lengths of the backsights and foresights between any two benchmarks should 
be equal. 

If the observer has the slightest cause to think the instrument: has been W 
the least disturbed, or that the refraction has changed between the times of reading 
the two rods, ho should repeal the observation until satisfactory results are 
obtained. 

Crossing Streams, — Whenever it is necessary that the line of levels shorn' 
cross a river or other wide obstruction, a narrow place should be chosen, 1' in" 
points should be set upon the two banks, levels in good adjustment are set up 011 
opposite sides of the stream about 10 metres from each benchmark, and botu 
levels go through the same operation. The distant rod will require a target. 
Each observer first reads on the ]J. M. nearest hi in, once with the telescope 
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normal and level direct and OBCfl with the telescope inverted and level reversed ; 
than takes simultaneous readings on the rod across the river with the instrument 
in the Following position.-; : — 

1. Telescope normal, level direct, 

2. Telescope norma), level reversed. 

3. Telescope inverted, level direct. 

4. Telescope inverted, level reversed. 

5. Telescope inverted, level reversed. 
G. Telescope inverted, level direct 

7. Telescope normal, level direct. 

8. Telescope normal, level reversed. 

Those 8 readings constitute one set fur the direct run. Then take 8 more 
readings in the same order for the reverse run, then each observer turns to 
the nearest B. M. and reads a* he did at the beginning. Observevsand instruments 
change places and repeat the observations at these new stations. The simultaneous 
levels eliminate refraction, the change of station eliminates curvature and small 
instrumental errors for each individual instrument. Unless good results are 
obtained the observations should ho repeated until the results obtained come 
within the prescribed limits of error. If hut one level can be used the operation 
will bo performed in the same order, but the time occupied in crossing must be as 
small as possible. 

Permanent /Seiirhmitrh.— Permanent benchmarks will be established at. 
intervals of three miles along the river and live miles on lines connecting the 
river line proper with the other levels or benchmarks. 

These benchmarks will consist of a thoroughly vitrified tile i" x 18* y. 18* 
placed three feet below I lie surface of the ground and surmounted by a 4" 
wrought-irmi pipe as a surface mark. The tile should have time to settle before 
levelling to it. Both tile and pipe will he suitably marked to designate the 
character of the point. In the centre of the upper surface of the tile a copper 
bolt will be leaded, the upper surface of which will lie (he point of reference. 
These benchmarks will be placed where they can be easily found and where they 
will not he disturbed, Property corners should be utilized when- practicable. 

In addition to the above, benches should be established on permanent brick 
or stone structures by leading into them a horizontal or vertical copper holt with 
the letters U. S. l p . I}. 31. cut near it. A small bole in the centre of the bolt will 
be the point of reference. 

Connecting with Betielnmtrk. — dn connecting with a benchmark, if the bolt is 
vertical the font of the rod is placed directly upon it. If the boh is horizontal 
in the wall of a building or other structure, it will he connected with in the 
following manner : Hot up the instrument in such a position and at such an 
elevation that the small hole in the bolt may be bisected by the middle thread 
without displacing the level by more than five divisions, using the elevating screw 
''or making this bisection. Sinco the instrument can lie raised or lowered about 
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two centimetres by means of the levelling screws, the instrument can be placed 
in such a position by two or three trials. 

Now bisect the benchmark with tin* tele-cope normal and al-u inverted, 
noting the reading of the level. Head the roil on the plate with the telescope 
in both positions and the bubble in the centre. It is necessary to eliminate 
coliimation of the middle wire by inverting the telescope since the eu!l hint lion of 
the middle wire is nut the same a- that of the three wires. The quantity A 
(distance between the kpi-o of the rod and the bottom of the spur) must be taken 
into account when a benchmark is connected with in this manner. The distance 
of benchmark from instrument miisl be determined and recorded. 

Closing Work far tin- Day, — Whenever work is stopped ill leasl two temporary 
benchmarks should be established. These will consist of large nuilis or -.[like- 
driven their entire length vertically into the base of trees, or in the tops ol 
sound stakes. The mean elevation of these two benches will be used in continu- 
ing (be work. 

Describing Benchmarks, — Every benchmark will be fully described in the 
note-book and a careful sketch will lie made of its surroundings. Its posit iod with 
reference to the most prominent objects near it should be given by distance and 
direction. Public buildings, such as depots, court houses, churches, etc., are the 
best positions fur permanent benchmarks. In a village or town several permanent 
benchmarks should be established to insure at least unc being always available. 

Determine EU-rulion of Base <>/ Hail. — if a railroad is crossed the elevation ol 
the base of the rail will be determined, and if levelling along a railroad, I lie 
elevation of the base of the rail at depots will be determined. 

Uttittji' Zero*. — The elevation of the zeros of all water gauges and also the 
gauge benchmarks will be determined, 

Datum planet of' Cities, —The main line of levels will be connected with the 

datum planes of cities along the line and the ale vat ions of those planes will be 
deduced. 

(', S. Engineer Benchmark*. — The main line of revels will be connected 
with all accessible important t\ 8. Engineer benchmark*. 

In reducing the obit nations the nearest tenth of a millimetre will be retained. 
The distance will bo taken out I'min the table to the neare-t metre. 

77«- limit of diwepunnj in closing n polygon will be — 

3mm ^/ Instance in kiloim'tre*. 

The distance referred to is the entire length of the polygon FrotM ''■ M- ' 
lo Is, M. i and back to I!. M, 1, and the limit of discrepancy refer- to tin* 
polygons between successive benchmarks. If the discrepancy exceeds the 
prescribed limit then the entire line must be re-run one or more times, or untu 
the difference of the direct and reverse result- is within the limit. In re-running 
lines, the, third line run should alternate between direct and reverse directions so 
as to keep the total number of direct and reverse lines cijual. 



Field reductions of nil precise level notes "ill oe inside and checked at the 
t'lul ill' each <lu \ V work, so as to ascertain, l>L-tare leaving the ground, whether 
I he results come within the prescribed limits. 



INSTRUCTIONS FUR TUl'OGUAl'IUCAL AND IIVUIH KzRAPHIl A L 

FIELD WORK. 

Oeneivd Intirneiions. — A record will be kept showing the daily progress of 
the party, it will contain at tln> beginning, the organisation of the party, and 
the names find rates of pay of all persons connected with it. It will also give 
a detailed account of all occurrences of any importance which may in any way 
be of use in reducing the work or in settling accounts. 

Ai the beginning of each day's work, each note-book in use will give locality 
of work, date, name of observer and recorder, number of instrument used and 
corrections, if any, to readings of distance and azimuth. The date should be 
repeated ai head of each page. 

In recording notes, hard pencils will be used, and when an entry has once 
been made it Should never In- erased. Where an error has been made the 
record will be corrected by drawing a line through the (irst value and writing 
the new value above it. Corrections that are made after the work is done should 
be marked with the date of the change and the name of the person making the 
change. 

All notes should be so full and plain that they could be readily reduced by 
one who had no! seen the ground. This will require careful attention to details 
which may seem of (rifling importance in the Held. 

All available information concerning tin* river and its adjacent banks, which 
will aid in the proper representation of the characteristic features on the map 
Or be valuable in the study of their changes, will be fully noted. 

Local names of bars, bends, streams or other features will be carefully noted 
and the proper spelling of all names to appear on the map will be ascertained. 

Permanent marks, as reference points tin- future surveys, will !:e established 
at intervals of about three miles idong the river. There will be two on each side 
of the river, nearly in a line, normal to the stream. The two nearest the river 
will be placed where they will be safe from the erosion of the banks for twenty 
years or mure, and the others will he a half mile further back. Where the bluffs 
are near the river the outer marks may he omitted. These marks should, when 
practicable, be placed near roads, property lines, or other places where they can 
bo easily found at any time. The marks are similar to those used for precise 
level benchmarks described on page 15. The tops of these marks should project 
not less than a foot above tho ground. The above marks, in the later work, arc 
established by the secondary triangttlation. 

Note-books will be fully indexed at the end of each day's work. Each 
Hole-Look will be marked uu the outside with a title giving locality of work, 
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date, names of chief of party and observer. All note-books will In- enteral 6P 
the office files and properly numbered as soon us parties return from the field. 

The chief of party heing responsible for the accuracy of tho work done, 
should see that the work of each member of the party is properly checked and 
fully covers the ground required. 

Tertiary Trianguktthn, — Where the secondary stations are more than three 
miles apart, a tertiary system will be carried giving points on either bank at 
intervals of a mile or less. This system will begin on a triangle side id* the 
secondary system or a carefully measured base, and all of the available secondary 
stations will be used in the tertiary chain. The tertiary work will also close on si 
lino of known length as a check on its accuracy. The discrepancy should not 
exceed 1 in 3,000. The system should be laid out and the angles read in advance 
of the topographers so that the azimuths an 1 lengths of sides can lie used in 
checking stadia work. 

The station point may lie marked by a pole two inches in diameter, stuck 
into the ground, and bearing a red and white flag, to distinguish it from the 
ordinary sounding flags. A strip of white cloth wrapped near the bottom of the 
pole will admit of the pointings being made so low down that errors arising ironi 
disturbance of the pole by the wind will be inappreciable. 

For observing, the instrument may be placed on an ordinary tripod centred 
over the hole after tho pole has been removed. 

The angles should be read with a ten-second instrument in good adjustment, 
and should be repeated at least three times on different parts of the limb to check 
errors of reading. 

It is desirable to have the first series read on azimuth. Having pointed to 
the first station, read to all of the others in succession. Pointings should also be 
made to all of the sounding Hags in the vicinity as well as prominent objecl- on 
land, such as chimneys, houses, &C, the location of which will serve to check the 
topographical work. 

For the second series, slip the lower limb f>f)\ and read to the stations in the 
Opposite order from the first series. "Shift the limb tho same amount again aim 
read the third serii'-. 

Tin' river ends of the stone lines will he mule points in tho tertiary system, 
and whenever practicable, tho stones should also be located trigoiiometrically. 

Tertiary jioints which are likely to remain undisturbed for some time shoul' 
be plainly marked with u strong stake two feet high, the number of the point, the 
initials of the observer and date being marked on it with red chalk. 

Topography. — The detailed topography will cover a belt on each side of tlie 
river, which, in a wooded eouuiry or on the bluffs, will be about £ to f nnle* 
wide, and in open country may reach about 1$ miles. In this area there Will 
located, with transit and stadia, all points needed to plat accurately the importau 
features, on a scale 1 : W.lHHl. In all work, the scale of the plat should be boriu- 
in mind, so that only such points be instrumeutally located as can be readily pie' LH ' 
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Beyond the above limit* outline snrveya will lie made, defining streams, 
lakes, ami the fool and main crests of bluffs with approximate elevations of same, 
within a limit of ten miles of the river. This work will be run with the transit 
ami stadia, ami will frequently be connected with the detailed topography. 

Where tin- detailed topography does not cover the entire valley from bluff 
to bluff, profile lines will be inn at intervals of about fifteen miles measured along 
tin- river. These lines will be preferably located at such places as will host 
develop the interior topography and will extend from the river to the bluff. The 
lines should be about normal to the river and should give a complete profile of 
the ground from the river to the bluffs together with the elevation of high water 
marks and the topographical tea tares along the line. 

The dates when the high waters occurred should also be obtained when 
practicable, 

Both extremities of tlie line should he eare fully connected with the located 
points of tins general survey. 

These lines may be run with a good transit having a telescope level and good 
needle. The level should he used direct anil the three horizontal wires should he 
read so as to eliminate errors of reading the rod. 

Where the bluff line is beyond the limits of the detail topography the high 
water line or limits of overflow will be located along near the base of the bluffs. In 
most .eases this ran only be determined by frequent inquiry among the residents and 
eare should be taken to verify the information thus obtained as far as practicable. 
Tlie dates of the floods should also be ascertained. 

Full notes will he kept of all such information in order to facilitate (he plat. 
ting and reduction of the data collected. 

In locating the outlines of the bluffs, levels will be carried with the transit, 
and vertical angles will be read to points locating topographical detail in the same 
manner as in the regular topography. 

Within the limits of the detailed area there will he located the top and bottom 
of the river bank proper, tlie shore line of islands and bars, the banks and water 
lines of all waterways and lakes with elevations of their water surfaces and depths, 
the points where the slope of the ground changes either in direction or inclination, 
the limits of rock ledges, the approximate limit- and kinds of cultivation, and 
forests, roads, levees, fences, houses, &c., and in fact everything that may he 
necessary to a truthful representation of the section surveyed. 

A sufficient number of elevations will be determined on the bottom lands to 
admit of putting in contours five feet apart. In a woo led area this will require 
cross-sections at intervals of 501) metres or less. These should preferably he the 
continuation „\' lines sounded across the river. The space between the lines should 
also b« examined, and if any important features are found, they should be located. 
When the trees are too close together to admit of long sights, it will be more 
expeditions and sufficiently accurate to use the compass needle for obtaining the 
direction, as it will then only be nseeasary to set up at alternate stakes. 
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The hi tiffs within the detailed area will be shown by contour lines 2Q ft. 
apart, the bluff curves being ;t H some multiple of l<b The bluffs in the out line 
;n ru may he shown by hachures. 

Boundary lines, sueh as state, county, township, die. Coming within the limits 
of the survey, will he carefully located. 

Section or townshiji corners, win 're they are well identified, will id. so he oon- 
neetod with. 

Great care must he taken in running out the stone lines. The azimuth of 
the lines must he accurately determined, and all distances will he carefully 
read, both forward and back. Each stone will lie occupied inst rumen tally, and 
when practicable, the aximutb from onestone to the next will be read, and read- 
ings will be made to surrounding objects, both as checks on the located positions 
of the stones and to aid in finding them in future time, A careful sketch and 
minute description will be given of each benchmark thus located. 

All sounding Hags, water gauges and benchmarks will he located. 

In running the main transit line along the shore sufficient check shots will he 
made to known points on the opposite shore to prove the accuracy of the positions 
given for flic transit stakes. Such check shot* should in fact he made use of in 
all parts of the work, so that errors of azimuth and distance may be detected and 
located. They also furnish means of correcting errors of position if any occur. 

The error of level carried with (be transit should never exceed one foot for 
the longest distances. In good work the discrepancies will rarely reach 0*5 it- 
The work will be frequently checked by starting and closing on points whose 
elevations are known. 

Distances ami vertical angles between transit stakes will be read from each 
end of the line. On trenail linen, the distances between stakes read with stadia, 
should never exceed 50(1 metres tit a single reading unless they can be checked by 
intersections or other means. Single shots to distant objects may lie read as far 
as the figures of the rod arc distinguishable. 

The transit stakes of each observer will be numbered consecutively in the 
reach covered by the season's work and each stake will be marked with its proper 
number and the initial of the observer so that it ran he readily identified when 
connected with by others. 

Field sketch** will be made by the topographers on sheets of suitable size to 
fold and [dace in note hook. All points located iustrumentally will be platted 
and the points numbered in the note-hooks and on sketches. Tin' sketch will be 
completed tin the jjrnun I, i-xcc|il tin- contour-, and 1 1 1- ■ dir-.-lioii of < 1 1 ■ ■ -> ■ uiH '"' 
indicated by showing the axes of sloughs, depressions and ridges, 

The character of the immediate river bank will be frequently noted so ai 
to show whether it is rock in place, loose rock, sand or sill, steep or sloping* 
caving or stable. 

(■hecks on aximnth and elevation should he frequent and when obtain" 1 ' 
should he marked in the note-hook in such a wav that the amount of error will bfl 
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plainly shown ami whore the correction should be applied. Notes that are not 
foil in this particular will always be open to suspicion which will throw doubt on 
the observer's honesty and the reliability of his work. 

Discrepancies in closing on triangulation points should never exceed 0° 05' in 
azimuth or 1 in .">00 in distance. As a ride the discrepancies should be far within 
these limits. 

The notes will be kept in the following form :— 
(Left band paga.) . 

Observer, F. G. Hay. 

Recorder. V. McDonald. 



Objects. 


No, of rotating. ! 


\'e 


-. A. 


Ver. 11. 


Distance, 




Hca4. 


Corrected. 



At a 23, H. I. 170. 
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Instrument. Wiinl. No. I Til, 
Locality, La Crosse, Wis, 
Date, May 2r», 1807. 



(Eight I land page. 
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Sketch No. 15, 



Notk. — Distances are expressed in metres, elevations in f t-< f . 

Ordinary £<?iWs.— There will be a line of levels run along each bank of the 
river, the ordinary wye level being used for that purpose. 

All tn ruing points will be numbered so that the topographers can readily 
identify the points connected with. 

The ordinary level lines will connect with all precise benchmarks in their 
vicinity, and also determine elevation of base of rail at stations and bridges 
crossing the river. 

The errors of closure should not in any case exceed 0'2 ft. for the longest 
intervals. The two lines will cheek on each other at intervals of not more than 3 
"dies or in (he vicinity of each .-tone line. 

The elevations of stone line benchmark* will be determined by duplicate lines 
°1' levels, the discrepancies between which should not exceed 0'05 ft. The 
adopted elevation will be the mean of the two determinations. 
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The elevations of nil permanent stations near the river except those on the 
Muffs will bo determined. Benchmarks will also be established on each bank at 
intervals of about a mile. These may he placed on buildings, trees or other 
permanent objects near the river. A careful description, sketch of location ana 
corrected elevations of all benchmarks will he made and entered in the note-book. 
These notes should be so full as to enable one not familiar with the ground to 
find the marks even after a lapse of several years time. 

Daring the stay of the party at a place a temporary water gauge will he 
maintained. This may be of the usual form of stake gauge graduated to feet and 
tenths. Readings will he taken on this gauge, estimating to hunilreths, three 
times n day and recorded in a gauge book. The usual hours for rending are 
6 a.m., 12 N. and 6 r.M. 

AH these temporary water gauges will be connected with by duplicate lines ot 
levels from the nearest benchmarks and the elevations of their zero points entered 
in tho gauge book. The elevation of the zero .should he tested whenever there is a 
probability that the gauge has been disturbed. 

The elevations of the water surface will be determined at the extremities or 
sounding lines at intervals of not more than 4Q0 metres, and the time of the 
observation will also he entered id the note-book. This when corrected for change 
of stage as shown by the temporary gauge readings will give the slope and also 
serve to check large errors in levelling. 

Elevations of transit stakes and high water marks will be determined when- 
ever it is practicable. 

Level notes will be kept in the, following form on the left-hand page of the 
note-hook, the other page being reserved for sketches and remarks. 



llHJUT Bank, Nini.n<ii:k, Minx, 
September IS, iau7. 
Instrument — B. ami £!, N*<\ i>W>. 



w. II. Rofeb, Observer, 



Objects. 



tkmol U. M. »M 

3 

t i'. m.. ..,., 

Water rarfwe M 97, 8-30 p.ii, 

'['. 1'. 771 ...... 

□ 918 Williams 

T. V. 775 



BackSight, 



Height ef 

Instrument. 



1-20U 

8 ieo 

"in n 



tiit'.i 97a 



Fere Bight. 



fl-070 
ia-740 

1 79a 

12OD0 

4 68fi 



Elevation. 



Ci)S*772 

oss'Wa 

68»'63 

69366fl 

H83-74 

liill-0."iS 



River crossings for connecting the two lines of levels will be made by the two 
observers taking ten simultaneous readings across the river in opposite direction.- 
Then the observers and instruments should change places and repeal the observa- 
tions. (See instructions for precise levels, page 25fh) 
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The instruments should he in good adjustment, and when once focussed for the 
long distance should not he changed until the observations are completed. The 
mean of the values thns determined will be taken as the true value. 

fh/drtnfmphy. — A continuous record of the stage of the river will he derived 
from a suitable gauge read three times a day, its zero being referred to a known 
benchmark as soon after it is set as practicable. 

Sounding lines will be run normal to the stream at intervals of 2.j0 metres, 
ami the soundings on these lines will lie as close together as practicable. These 
lines will he numbered consecutively. 

A continuous longitudinal lino passing through the deepest water on each 
section will be sounded. 

On all crossings there will be sufficient soundings to determine the least 
channel depth between the pools. 

As many soundings as practicable will be located by means of angles read 
simultaneously between located points on shore, with two sextants in the sounding 
boat. Intermediate soundings can be interpolated by taking them at equal inter- 
vals of time. 

Where the conditions of width and other element-; are suitable, the soundings 
may he loeatcd by means of a transit at one or both ends of the lino. The distances 
from the instrument to the sounding boat to be read at convenient intervals of time 
on a vertical stadia in I lie how of the boat. The boat should he kept on the line 
by means of flags or ranges. 

If the above appliances are nol at hand the soundings may he located by 
intersections obtained with two transits located at suitable [joints. 

The character of the bottom will h>> frequently determined by means of a 
[allowed lead, 

In water less than ten feet deep it is convenient to use a pole divided to feet 
and tenths. A 10-pound lead is suitable in water from ten to forty feet deep. In 
greater depths it is desirable to bm B leal weighing from fifteen to twenty 
pounds. 

A firmly twisted or braided hemp lead line, jj of an inch in diameter, should 
he used. It should be marked with leather or cloth tags at intervals of one foot, 
the ten foot marks being made conspicuous. The length of the lead line from the 
end of the lead to oacli ten -foot mark must he testeil at the beginning and end of 
each day's work and the result entered in the note-hook. The lead line should be 
accurately marked so as to avoid corrections as far as practicable. 

The beginning of each line sounded will be headed in the note-hook with the 
number Of the section. A description of the character of the banks at intervals of 
about half a mite will also be entered in the note-book. 

The elevation of the water surface at the time of sounding may be determined 
fcr each line by means of the levels as already described under the head of 
ordinary levels. 
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The notes will be kept in the following form :— 
(Left hand page,) 

SOUNDINGS IN VICINITY OF BATON ROUGE, L.A. 
Observers— T. 0. HOC K RIDGE. L. C. D7.IAT7.KO. 
Recorder — A. L. Mon'toomebv. 



Time. 



Observed depths. 



Angles and Ranges. 



Character i>f Bottom. 



7-10.30 

41 . 


1 
6 

37 

M 


Swtioi 


2r )( from © 2.'. R. 1!. to © 23 U B. 

C. P. 10, C. P. 9. © 25 L. B. 
It", feet from © 25 It. 15 


Mud. 
Mud. 


SO 


SO 22 SS 3 J 


Mud. 


42 

30 


Mud. 
Sand. 



Doecmber '.). 1837. 



(Right hand page. J 



Leadsmen- 


— M, Iaiiev, ,1, 


H. Hilt. 




Corrections. 

Lead linn and 

Stage. 


Corrected 
Depths, 


R KM AUKS, 


0. K 




Bluff eiaj. 




0, K 

—I'O.. 


63 

(52 




—2-0... 

2-0 





The angles rend to locate soundings will he numbered consecutively f l>r 
each day's work, and the soundings located will he marked with corresponding 
numbers, 

flatting, — The co-ordinates of all tertiary stations, stone line benchmarks and 
secondary stations, will form the basis for platting the topographical detail. The 
work will be platted on a scale of 1: 10,000. The field plats will be on tracing 
linen 30 inches wide and in such lengths as will cover the topography to the best 
advantage. On these sheets the projection and geographical positions will he 
platted in the office. These field plats, need not have the protractor circle printed 
on them, but can be used to better advantage over an accurate paper protractor o» 
suitable size. 

Care should be taken to roll the sheets in the same direction as original roll 
from which they were cut, in order to obviate the difficulties arising from change 
of scale. 

These transparent field plats admit of transferring direet to detail chart oW* 
also facilitate the transfer of the details from sketch, 

Parallels and meridians, one minute apart, will be projected on the held plats 
and shown by fine red lines properly numbered. From these the triangu!ati<J» 
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stations will be platted. As this is the ground work for subsequent detail, it should 
be carefully done and cheeked over to insure its accuracy. All triangulution 
stations, stadia stakes and sounding flags, and their elevations, should be marked 
on the plats in red ink before the detailed work is run in. 

All of the detail must he carefully platted and positions verified by check 
shots when such are available. 

The contour lines and other outlines should preferably be put in by the 
observer who located them in the field, 

Field pints will be laid out in such a way as to show both banks of the river 
with the adjacent topography on the same sheet whenever it is practicable. If the 
sheet is not large enough, plat the remaining work on a new sheet rather than 
enlarge by pasting pieces to the first sheet. 

Banks that are too steep to admit of drawing in the contours, and abrupt 
banks of less than five, feet in height will be shown by bach arcs. 

The elevations of water surfaces for each day's work will be plainly written on 
the plats. 

All field plats must be completed in the field at least far enough to detect any 
instrumental errors in the field work before the platted area is out of reach. 
Hard pencils will be used in platting. 

Each field plat will bear a legend giving locality and date, the names of the 
chief of the party, the observers and draftsman, the numbers and pages of the 
note books front which tin 1 notes were derived, and any other information that 
may be useful in the final reduction of the work. These data should be noted as 
the work is platted. 

When all of the points have been platted on the field plats, the details ami 
contours will be drawn in with pencil. After this is done the entire plat should be 
inked including elevations, names of owners, character of vegetation, &c, and in 
fact everything needed to make the information obtained by the survey complete. 

The contours and elevations may be drawn in brown ; all other details in 
black. 

< fare must bo taken at. the edges of the sheets to have the detail on successive 
plats join properly, and make sure that the ground is fully covered by the survey. 

A'oiiwii.clattw. — The word lake will be confined to the larger bodies of water, 
which arc seldom if ever dry. They usually have a local name wdfich should 
always he noted. Smaller and temporary bodies of water having no local names 
will be called ponds. 

The word swamp will bo applied only to ground which is covered with a 
growth of grass, cypress, elbow brush, willows, or such other vegetation as 
indicates that the area is generally wet, soft or spongy. 

The terms bayou, or creek, will lie applied only to main water-courses which 
Connecl lakes and swamps, or other drainage areas, with the river, and carry water 
'o or from the latter, as the stage varies, 
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Minor swampy Conduits will be culled sloughs. This applies only to such as 
sire not designated by local names. 

The character of the material composing the burs and banks of the river will 
bo frequently noted and carefully described. 

The names of property owners or residents, of landings, wood yards, fields, 
patches of timber, island*, chutes, bends, bars, points, and other local names 
necessary to a full description of the section surveyed will be fully noted and 
entered on the field plats. The following signs and abbreviations will be used : 
Secondary stations, & ; tertiary stations, A ; transit stakes, a ; sounding 1lags, & 
Taming points in levelling notes will he. written T. I*. ; benchmarks B. M. ; 
temporary benchmarks T. I J. M. ; and precise benchmarks P, B. M. 

On the field plats the precise benchmarks with their numbers and 
elevations will lie written thus : I'. B, M, 27 218'-(l32 ; stone line 
benchmarks thns : IV M. y □ 21:9'*23, in which the numerator is the number of 
the stone line, and the denominator the number of the stone on the line, reckoned 
from the oh tor stone on the left bank. 

The stone lines will be numbered consecutively upstream beginning with 
number one near Cairo, 111. They are also numbered consecutively from OftJrO 
southward to Memphis and from Memphis to Head of Busses. 

All elevations in the topographical work will be referred to the Memphis 
■latum plane. 

To reduce elevations from the Cairo datum to the Memphis ilatum, subtract 
18*18 ft. from Cairo datum elevations. 



DATUM BLANKS. 

The Cairo datum plane is an assumed plane 800*84 ft. below the zero ol 
the U. S. Engineer gauge at < 'atro, 111. 

The Memphis datum plane is an assumed plane 190*84 ft. below the /.ero ol 
the U.S. Engineer gauge at Memphis, Tenn. 

The preliminary value of mean Gulf level at Bilosi, Miss,, is 21'so "• 
above the Cairo datum plane and 8'13 ft. above the Memphis datum plate'. 



INSTRUCTIONS FOR GAUGE INSPECTORS AND OBSERVERS. 

The regular gauges of the Commission shall be inspected and repaired at 
least twiee each year at times preceding high and low water. 

In view of the liability of mistakes arising from having gauge readings at tM 
same place referred in different years to different zeros, nu /.ero of a gauge shall •' ■ 
changed without action of the Commission. 

The gauge inspector on visiting a gauge shall make careful level connection 
between the different parts of the gauge and the gauge benchmarks. Be shall**' 
carefully examine the records of the gauge keeper. The inspector is not reiji'"''' 1 
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to compute thu corrections fur each part of the gauge, ^ this can hotter he done 
after a study of the office hydro graphs, lint the inspector should endeavour to 
embody in Ins report full information as to periods of reading on any disturbed 
portions of the gauge and causes of such disturbance as far as may he obtained 
from the gauge keeper or other sources. The gauge should he repaired and left in 
good order as nearly us conditions of the river will permit. The hulletin hoard 
shall also he inspected and left in good order. 

'flie regular printed form of inspection report will ho filled out completely or 
reasons tor not doing so noted thereon. This report will he immediately 
transmitted to the Secretary. 

The gauge observers will he governed hy the following instructions and the 
inspector when visiting the gauge is expected to ascertain if they are being followed 
strictly : — 

I-t, Ueadings must I"- taken liv tin 1 observer En person a I tin- Injurs of H a.m. 
and -1 P.Jf. each day, or if unavoidably delayed always note the exact time when 
readings are taken. 

2nd. — The stage as read must he recorded on the postal card addressed to the 
Secretary. This card must he carried to the gauge in the covers provided for that 
purpose, and the reading must he noted thereon in pencil as soon as obtained. 
The reading thus recorded shall not afterward* be inked in or altered. If the 
reading is discovered to he in error, the correct reading must he written above it, 
and an explanation made in column of remarks. 

Copies of these readings will be entered in ink in the gauge book and 
duplicates of the cards will be made for the Engineer Offices, aa shown by the 
addresses on said cards. 

3rd. — The cards will bo mailed as soon as practicable after the week's record 
is completed and the required copies have been made. The original card as 
recorded in pencil at the gauge will be mailed to the Secretary, 

-lth. — The bulletin should at all times show the stage to the nearest quarter of 
a foot. It will be changed morning and evening, whenever there is a change of 
stage amounting to a quarter of a foot, 

5th. — The observer should careful lyguard against the destruction of the gauge, 
and whenever he finds it in danger he should establish a temporary gauge iu a safe 
place, taking great care to have the readings agroo with the original gauge, and to 
Keep the temporary gauge in same position, in which it was used, until the visit of 
the inspector. 

(ith. — The column of remarks should be freely used to explain disturbances 
of the gauge, noting the time when readings change from one section to another. 
*nd iu fact tiny information which may aid in making the records complete and 

perfect; 

7th,— The gauge and bulletin will he put in good order by the inspector about 
twice in rach year. In the interval the observer is expected to make snch repairs 
M may be needed to keep the gauge and bullet in in good order. 



(Sfb. — At the end of each year this gauge bonk will be returned In the qM<X 
of the Secretary and a new one will he supplied in its place. 

Hth. — Any serious accident to the gauge or bulletin, any sickness or absence 
of observer necessitating the use of a substitute, should be promptly reported to 

(he Secretary. 

INSTRUCTIONS FOR RIVER D IS (.'II A ROE MEASUREMENTS. 

Discharge measurements will be made at extreme high and low stages of the 
river, in the discretion of the Secretary as follows : — 

On the Mississippi river at Thebes ( m 4$), < 'olumbus (21), Helena (306% 
Arkansas City (438), Warren ton (liO-V), Red River Landing (7 (lit), Carroll ton 
(1)57). 

(* Above Cairo.) 

On the following tributaries: Tennessee, Cumberland, St. Francis, White, 
Arkansas, Yazoo, Red and Black. Also on the Atchafalaya River. 

The stations on the tributaries shall be selected at points not affected by back 
water and, when practicable, near permanent gauges. 

As far as practicable, discharge sections will be located near the lower end oi 
Straight reaches where for a mile or more above the section, the water at hif{h 
stages flows in parallel threads, free from cross-currents, eddios and boils. The 
profile of cross-section should be fairly regular. 

1( is desirable to observe on the same er<s---.»vtion from year to year, exeepi 
in case of unfavourable local changes in the regimen of the river. In such case, 
after careful examination, a new location may be selected. A detailed report 
giving reasons for change, accompanied by a sketch showing new location, will be 
submitted to the Secretary for approval. 

Except when otherwise especially instructed, not less than ten complete result 
of the river discharge, consisting of determinations of stage, cross-section arid 
velocity will be obtained at each discharge station. 

High water discharge will be measured as near the highest stage of tho yt ,iir 
as practicable, and should include the maximum stage. 

Low water discharge will be obtained sa near the lowest stage of the year * l9 
practicable. 

'ihr giaye will be measured to the nearest hundredth of a foot, by caret ul> 
reading gauge rods located at each end of the section, at the beginning and end " 
each set of observations. When the section is near a permanent gauge the readm;, 
of this should also be recorded. . 

These gauges will be graduated to feet and tenths and accurately eonner " 
by duplicate line of levels with the permanent benchmarks of the general siirvej- 
On the tributaries, where this connection cannot always be made, permanent bene 
marks should be left near the section for future reference. 
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Tin 1 geodetic position of the >t-«.'tiuti -hould also he approximately determined 
and platted on one of tin- puhli-hed detail charts of the Mississippi Itiver scale 
1 i20,000. For the tributaries, the beet obtainable local maps will be used. 

The cross*section will be determined by soundings taken with a lead of 
sufficient weight to secure correct vertical depths and at sfach intervals as will 
give an accurate determination of the irregularities of the river bed. This will 
generally require soundings at intervals of about 50 feet. The configuration of 
the banks near the shore, the distance between the shores, the locations of 

soundings and the Water's edge should lie determined with special wire. If 
practicable, this should be dune mi each day that velocity is measured, 

A three-eighth itieli cotton sash-cord and a 20-pound lead will jrjve good 
results in ordinary depths. l*Veqaenl testa of the length of lead line will be made 
and the discrepancies recorded in the note-hooks. In depths greater than 50 
feet with velocity exceeding a hunt 4 feet per Second >iumdings will iie taken 
by drifting over I he cross-section. 

Direction of jfnn\ — At beginning of observations the direction of /low at 
the cross-section should be ascertained by means of double floats or by direct ion 
Current meter. The sub-surface float will be run at mid-depth, except that 
occasionally a bottom float will be run where tidal effects might be expected. 

When the currant is found to deviate more than 8 degrees from a normal to 
the seel ion proper, allowance will be made in liie final reduction. When the 
deflection exceeds 1"» degrees a better section should be obtained if possible, TliU 
i- most important in high stages. 

Determination <>/ velocity. — The velocity will be determined with a suitable 
current meter, such a- the Haskell meter or the later forms of the Price meter. 
A continuous automatic record of time and registrations is very desirable aa 
it furnishes a means of ascertaining the pulsations in velocity and can be examined 
at any time to settle doubtful points developed in the computation-. 

The velocity stations on the cross-section should be near enough together 
to give a good measure of the velocity for the entire width. The shore stations 
should nut be more than 50 feet from the water's edge and the distance 
between intervening stations should not exceed 200 feet except in case of 
very wide section during high water, this may be increased to 850 or 800 feet if 
otherwise observations conW not be completed in one day. When considerable 
changes in the horizontal velocity curve occur the distance between stations should 
not exceed 100 feet. Special care should be taken to ascertain the change in 
Velocity as the shores are approached, Over-bunk discharge should be measured 
every two or three days when taking river discharge. 

The axis of the meter should bo in the direction of the flow of the water ; 
ftny variation from this, if ascertainable, should be recorded in the note- book 
before beginning observations the meter should be adjusted to be horizontal whim 
suspended freely in water. 

1* 



( $W ) 

The meter work at. each station will consist of u run li»r mean velocity 
at six-tenths of the depth. The run should not he Jess than five minutes in 
length, with automatic registrations, ami if any irregularities are noticed the 
length of time should ba increased until satisfactory results are obtained. 

Observation* for velocity will he made with double flouts every three or 
lour days ; these will also serve as an ap proximate cheek 00 the meter work. 
< 'aim days should he selected for running floats. In these observations the 
submerged float will he run at mid-depth. The snh-surfaee float should ho a 
hollow cylinder about a foot high and ten inches in diameter ; or it may he made 
of two vanes crossed at a right angle. The surface float should ho about six inches 
in diameter on plan and be elliptical tit vertical section, It, should have, 
sufficient buoyancy to support the sub-surface float and be of such form as will 
offer the least possible resistance to the current and the wind. 

The two floats should be connected with a very h'ne cord of suitable length to 
leave the sub-surface float at mid -depth. 

The floats will be run over a base aboiil -UK) feet long, the discharge section 
being at the lower end. The point where the float crosses the section should be 
accurately located. 

The portion of river over which the float is run should have an approximately 
uniform cross-section and sections at. middle an 1 Upper end of float path should be 
sounded at least once during the series of observations. 

Meier Rati mis. — Ratings should be made at the beginning and end ol 
each season's work an 1 at least once in twenty days during the continuance 01 
discharge work ; also whenever there is reason to suspect a change in rate. 'J he 
held notes of these observations should be immediately transmitted to the 
.Secretary's office, a copy being retained in the field. An approximate test, which 
will show any marked change in rate, can be made by noting the time required 
tor the wheel to come to rest after revolving it hri-kly with the hand. 

In rating observations the extremes -diould he well above and below the 
greatest and least velocities that will probably lie observed in actual work. 

Still water ratingt should be made by drawing the in e tec well submerged, 
at a uniform speed through *till water, along a base line of known length and 
noting the time and number of registrations. The water should be not less than 
H feet in depth and the submergence about 4 feet, 

A good determination of the rate will require about 30 observations, w fl '* 
distributed for different velocities. 

Running water ratingt. — W ill be taken in pairs, upstream and down-stream 
giving one result. Not less than 20 pair- of observations should he taken i° 
a set, 

The velocity of current, should not exceed 2 feet per second to give reha I • 
results. 

Field record* will be made in the regular note-books on the spot and mus 
sufficiently full and legible to accurately locale the cro-s-section, the sound" 1 *? 
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and the velocity stations mid will in general contain all the data required to 
compute the discharge without any further explanation. 

Careful note* should he made daily of all phenomena pertaining to the flow 
of the water, whether it flows steadily in parallel threads throughout the section, 
whether there are boils, eddies or cross-currents, and all such information us may 
have a bearing on the question of the correct interpretation of the discharge 
measurements. 

Field Red net ion. — The chief of the party should make only sufficient reductions 
on the spot to enable him to detect irregularities in the river or errors in the 
work. These should he made after each day's work. These reductions will ho 
made graphically as follows : — 

The corrected sounding will be carefully plotted on cross-section paper to a 
scale of, say, V' — 'UHY horizontal and l"=2iV vertical. On tins section should 
also he plotted, at each velocity station, the meter registrations to a common unit. 
of time. This will indicate the distribution of velocities across the river. 

When the velocity stations are at equal intervals across the river the mean 
velocity may be approximately computed by multiplying together the sounding 
and registrations at each station and dividing the sum of the products by the 
sum of these soundings ; the result will then be reduced to velocity in feet per 
second, using the nearest available meter rating. When the intervals are un- 
equal the plotted section may be divided into intervals of 2^0 feet and velocities 
or registrations and soundings scaled off and used as above. In the case of float 
observations the latter method will always have to be resorted to. 

Experimental 1 1 <>rk\ — When time will admit of it one or more sets of 
velocities in the vertical at each velocity Station should be taken. These will 
consist of surface ami bottom velocities and at each tenth of the depth for a run of 
about two minutes at each point. All the station- need not be observed on tho 
same day. The surface velocity should 1k> obtained a- near the surface as the 
meter will work ngnlaily and the bottom velocity at about one foot from the 
bottom. These note- need not be reduced in the field but should be immediately 
transmitted to tho Secretary. 



APPENDIX B. 

levee construction. 

SPBCIWCATION, 
1st ii/td ■Jiii} DiatriH. 
Tin-: work in lie done under these specifications is tlie closing of existing 
breaks in levee line-;, and die enlarging of leveea in different levee districts as 

imlieated helow. The work will lie paid for from money now available. 

LOWEB *T. FJiAXris LEVEE DISTRICT. 
Closing Hrwiks, Enlargement nmi Repair of existing levees. 



<'1;kvasm;s w he ri.nsKH. ,u-. 


r.OCATIOX. 
"NEW NOTATION, 


AFl'llOXIMATK 
VAKDAOB. 

cubic yakiis. 


Cnru t hers vj lie 

Hull M I'iiynu 

LinUkle 

Miihvay 

Urookisl ltiiv«ii 
tee. 


29 M. 

8fl M . 
i.i M. 
U M. 
SI XI, 


(3,000 

4,000 

89,000 

43,000 

2,400 



NOTB-Xew Rotation. — ft] its profes fttti BOW place- 1 a|p«itf the St. FnuiuU leirtsc Hue, aud nutubmod ^jumj-ju* 
t Itfwlj? ^t^'imhitf nt the upper end of the line. 

WHITE RIVEB LEVEE DISTRICT. 



CRHVASSES TO BK CLOSED, k<\ 


LOCATION. 
MILES BS&OW CAIRO, 


APPROXIMATE 

YAHItAliE. 
CUBIC YAltlW. 


WillianiM ui'h — )■>! Section 
2itd Section 
FftglmgB 
W i - 1 . i ver 
BohoolUoaae Bnynu ,,, 


909 B. 

311 11. 
.12! It. 
:1I2 11. 


22' i.i "in 
220,000 

56,000 
->i',IXIIJ 

60,000 



UPPER YAZOO LEVEE DISTRICT. 
Enlargement of existing levee, including exploration of old levee where 
necessary, from the beginning of the south half of Section 7 b' southward as far 
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us the available funds will permit. Enlargement may be made on either or both 
sides as directed Iry the Engineer in charge. It may be necessary at places t<> 
liaul earth over the levee. Bidders will state the additional price at which they 
will do such work. 



SA'JTUE OF W01IK. 


LOCATION. 


4FPB0XIMAT8 

VAIUJAOK. 
CUBIC VAHOS, 


Kntnrgemcni to I ft. silmve '97 H. \V\. and tuppiug of 

TM tt J- pcrstntiuu (lou ft.) ami building Uunitii'tU' 
<>n land stda 


$. J Slv. HI 


.-..-,,<« n» 


Slum; 


Bee, 77 


133,000 


SlIIIH." 


(tea 7S 


145,000 


ix 







The quantities given are approximate. The United States reserves the right 
to increase or diminish them to the extent that more detailed surveys, definite 
locations and closer estimates may make necessary or advantageous to the work. 

Proposals will be received tor the work in sections its indicated hehnv. 
Bidders aro invited to hid on any or all sections. If any ladder proposes to 
construct more than one section, he will state the total cubic yards he is prepared 
lo accent. It' lie lie the lowest ladder, such sections will be awarded him, within 
the amount stated, as may he most advantageous to the United States. 

Character of Work, — Work under these specifications, either lor enlarge- 
ment or new work, will include all excavations and embankments required lor 
the construction of the levee ; cutting all ditches or drains ahout or contiguous 
to it ; the excavations and embankments necessary for reconstructing puhlie 
roads and passways, in cases where they ore destroyed or interfered with by l^S 
Construction, and all other excavations and emhaiikments connected with or 
incident to its construction : grubbing and clearing of all timber and vegetable 
matter ; sodding with Bermuda sod, and the felling of all trees within one 
hundred feet of the huso of the levee on hoth sides. 

Method of Const notion if .Xtir Leveei. — The ground to be occupied by 
the levee must be cleared of log*, trash, brick, weeds, grass, leaves, and all 
other perishable or objectionable material to a distance of five feet outside the 
slope stakes. Next shall follow in the order indicated by the Engineer in charge 
or Ins designated agent, the thorough breaking of the surface to a depth ot six 
inches between the slope stakes, and the grubbing up and removal of all tfflw 
stumps, and the larger roots, and also all buried logs, stumps and other perishable 
matter, over the same area, including a zone five feet wide outside the slop' 1 
stakes. All of the matter so grubbed and excavated shall he conveyed to tl 
distance outside the slope stakes of not less than five feet. Such of tin* 
matter as shall remain undiscovered until the muck ditch is dug, shall then, i» 
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like manner, be excavated and removed : after tlic satisfactory completion of the 
clearing, grabbing and surface breaking, and the removal from the ground of all 
debris, a mack ditch will be cut of such dimensions and in such locution us the 
Engineer in charge shall direct. After inspection and measurement, the tnnck 
ditch must he tilled in, if (possible hy scrapers, with approved material procured 
from without the base of the levee, and thoroughly tamped while being filled, by 
the teams passing over the material, to the -nt is taction of the Engineer in charge 
Of Ids designated agent. If it be impracticable to refill the ditch by scrapers, 
it will be dono by men in the direct employ of the contractor, and under his 
immediate supervision, and the material will be tamped by mauls or by horses 
or mules passing over it as it is deposited in the ditch, to the satisfaction of the 
Engineer in charge. In no case will the refilling be let to station men. The 
It'll and side stakes shall then be get bv the contractor. All of the foregoing 
work shall be completed for at least three hundred feet in advance of the 
embankment. When this has been done, embankment construction shall be com- 
menced, the iirst earth obtained from t lie borrow pits shall be placed on the land 
side of the centre line of the levee, i In* embankment shall then be carried up to 
gross till or height, as directed by the Engineer in charge. Only clean earth free 
from trash, roots or other objectionable material, shall be placed in the levee. 
When so required, stamp holes must he tamped as the material is thrown in them, 
and for this an extra compensation, to be determined by the Engineer in charge, 
will be allowed. When the embankment has been brought up to the proper 
height, it shall he dressed, and planted with living tufts of Bermuda grass, not. 
more than two feet apart, well pressed into the earth ami lightly covered with 
soil, to the satisfaction of the Engineer in charge, or his designated agent. The 
contractor will cat down fill trees, both great and small, to a distance of one 
hundred I'cet from the base of the levee on both sides. The trees will he felled 

in such manner as not to full on the levee. 

,\l,ittid of Eniavijimj Old Lretet. — In tlic raising and enlargement of 
old levees, the material, excepting for tlic buiupictte, where one is constructed, 
will be placed on the river side, unless otherwise directed hy the Engineer in 
charge or his designate:! agent. The portion of the old levee and the natural 
surface of the ground to be occupied by ihe new work will lie prepared as de- 
scribed in Section 4 for the base of a new leyee. The surface will be cleared of 
all perishable and objectionable material ; trees and stumps shall be dug nut, 
hidden stumps and lo^s, where known to e-cist. excavated, and all this material 
removed not less than live feet beyond tie- side stakes. The grubbing will include 
a /.one five feet wide outside the slope stakes, and also the slope of the levee 
itoi occupied by the enlargement The surface to he occupied by the enlargement 
must be well broken and the sod tints destroyed wasted as provided above for 
other perishable material. All existing levees or parts of old levees must he left, 
except hy special permission of the Engineer in charge, given in writing. In 
repair and enlargement work, the material shall not be obtained from the old 
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borrow pits, but on the natural ground on tire side of said pits furthest from the 
levee. The trees, large ami small, will fat? cut down on both sides of the levee 
within :i distance of one hundred feet from the bnse. 

Olittvuitw Etuih. — In procuring material for tin* levee, tin.' place will 
be designated by the Engineer in charge, or hi- designated agent, (always on the 
river side, unless otherwise directed,) and in excavating and removing it, care must 
be taken to injure or disfigure the land as little as possible. In do case must it be 
obtained within forty Feet of the base of the levee on the river side, and the stone of 
the jiit nest to the embankment niu.-t not 1»* steeper than two base to one perpen- 
dicular. If, from unavoidable causes, it becomes necessary to {true tire mute rial on 
the land silk of the levee, it must not be taken within eighty feel ni' the base. But 
ii is not to be taken from the land side at all, unless upon the written order of the 
Engineer, designating tbe place. Any encroachments upon the limit- of either 
side will be repaired before the levee is estimated and paid tor. Borrow pits must 
not exceed three feet in depth on the side nearest the levee, From this point 
outward from the levee the depths will increase in proportion to the distance from 
the levee, not exceeding >ix feel nt a distance of 800 feel from the slope -takes. 
In cases of light levee or small enlargements, where the borrow pits are not wide, 
l be depth of three feet will not be exceeded ai any point, unless* otherwise 
specially authorized by tbe Engineer in charge. 

Xotr,<. — Note- will be furnished the contractor, giving width of el'nwn 
and inclination of slopes, gross ami net fill-, bases on rivet ami land side, ami 
total base, and he will be held responsible for the embankment being constructed 
in t'xacl accordance with the dimensions furnished. 

Shrinkage,' -The allowance for settling or shrinkage of embankment will 
be one-tenth for scraper work, and one-tifih for barrow, or scraper and barrow 
work mixed, regardless of the material used : and no embankment that is not 
carried up one-tenth or one-tifth higher than the established grade will be paid 
fur. The allowance for shrinkage or settling must be so disposed on tops and 
elopes as to give the required width ol crown, and to till out tbe slopes so as to 
make plane surfaces from edge of crown to base of levee after shrinkage hits 
practically ceased. Nothing will be paid for this settling or shrinkage. The 
contents of the levee, computed to the established net grade only, will be 
paid for. 

Road Crossing*, — Road crossings shall be constructed at such points 
and of such dimensions as may be designated by the Engineer in charge, or his 
designated agent, and will be paid for at the same price per cubic yard as the 
levee itself. 

Drains^ Dhchet, ami Channels, — Drains, ditches and channels for streams, 
when necessary for the proper execution of tbe work, must be cut by the 
contractor as directed by the Engineer in charge, or his designated agent, and tlm 
material excavated, when placed in the levee embankment, will be paid for at the 
same prico per cubic yard as the levee itself, but will not bo paid for it t' 11 " 
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material is not deposited in the levee. Exception is made in cases where the 
ditch or other drainage excavation is too remote to permit the material to he 

pla 1 in the levee ; in such cases an extra compensation nuiv be allowed, to be 

determined in each case by the Engineer in charge. 

Excavation Work. — Where tinder these specifications, it is deemed neces- 
sary to cut through old levees or to cat out crayfish holes, the contractor will 
be paid for flu* measured excavation, after they have been refilled, at the same 
price par cubic yard as for the levee. 

}{i>ad ami Fc»i-(ji, Wherever the route of the levee is traversed by public 
or private roads, commodious passing places must be kept in safe condition 
IV use. In [Kissing through farms, the contractor must erect and keep up 
such temporary fences as may lie necessary for the preservation of the crops 
and protection of property. This work to be done at contractor's expense. In 
ease of failure to do so, the Kngincer in charge will order it done by hired labor, 
and will dednel the cost of tlie same from any sums that may become due the 
contractor under his contract. Public roads, crossing or running parallel and 
close to llie levee, must be kept open during the progress of the work, 

ItaMiUH of Injury to Wod: — In anticipation of destructive floods during 
(be progress of the work the Engineer in charge, or his designated agent. 
may require a protection of timber or oilier material to be constructed around the 
ends of the levee, and also a temporary protection levee to be built in front of the 
work, upon such locations as be may designate, and of such dimensions as he may 
direct, and may al-o reipiire llie base of the levee to lie covered with a mattress, 
whenever necessary to protect the embankment ; for any of which work an extra 
compensation, to lie determined in each case by the Engineer in charge, will be 
made. All damage or injury to work, resulting from flood or other cause, shall be 
sustained by the contractor till received by the Engineer in charge. 

Fonr. — Within thirty days after written notice lias been given the con- 
tractor to commence WOrh be shall employ such force and outfit as shall be 
necessary to complete the work within the contract time * if he shall fait to 
maintain this force ami outfit or if it becomes evident to the Engineer in charge 
thai the work is not being prosecuted with due diligence, and will not he 
completed in ilie contract time, the Engineer in charge shall have power to 
employ, nt any rate of pay which in his judgment may be necessary, such 
additional labor, and to purchase such additional outfit as may seem essential to 
insure the completion of the work in the coutraci time, and place them upon the 
work, deducting the total cost of the same from any moneys due or to become due 
the contractor. The contractor shall personally superintend his work on the 
ground, or cause it to he done by a responsible and capable representative, and 
will also, on complaint of tlie Engineer in charge, or his designated agent, 
discharge any employe detected in violating these specifications. 

Location <>/' Work, — The Engineer in charge, or his authorized agent, shall 
have the power to designate the exact locality at which the work shall ho 
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prosecuted : also, the proportion of (lie force that shall he worked at such 
designated locality*. 

E,rtva W'urL — No claim I'm- extra work will be entertained, unless such 
extra work is done under written instructions from the Engineer in charge, or his 
designated agent, and these instructions must be presented with tlje claim, No 
charge shall lie made liy the contractor for hindrances or delays from any cause 
whatever in the progress of the work, hut such hindrances or delays may entitle 
him to an extension of the time allowed for the completion of work, in tin* 
discretion of the Engineer in charge. 

I 'h/.tufjfs in Dhm -n.i/oii.1. The L'mted State- ri'scnrs the right to increase or 
diminish the height, crown or luisc of the levee while in process of const ruction, 
if it shonld he deemed advisable. 

Frozen Material. — Frozen dirt, snow or ice will not be allowed in the 
levee. Such material must either be wasted or work postponed until thawing 
weather sets in. No extra compensation will he allowed for material thus wasted, 

SettlemeiA of Foundations. — Where a levee is constructed across a 
-lough, or at any place where settlement of the soil on which the levee, rests 18 
anticipated, the contractor will erect, at his own expense, such structures '"'"" 
determining settlement as the Engineer in charge may designate, and shall 
construct the levee in such a manner as lie may prescribe, and for all material used 
in restoring the sunken portions, the contractor shall be paid at the same price per 
lubic yard as for the original embankment, but he shall receive no compensation 
unless the instructions and directions of the Engineer in charge are fully 
complied with. 

Sdjit-riiiU'iiJi'inr and tim.jilaifget.--1h*. contractor shall personally superintend 
his work on the ground, or cause it to be done by a responsible and capable. 
representative, who shall be satisfactory to the Engineer in charge, Any 
employee detected in violating these specifications will be discharged, on demand 
of the Engineer in charge, or his representative. Where work is let to station 
men. the contractor -hall provide a competent foreman to superintend their work, 
who shall direct the manner of doing it and shall maintain a strict watch over 
i hem. No foreman shall have charge of more work than the Engineer in ehargO 
mav deem advisable. 

The use of barrels and hoses or similar contrivances for wheelbarrow runs is 
prohibited. 

Price of Work, — All levees will be estimated in embankment and lie 
paid for by the cubic yard. The muck ditch will be paid for once, after the levee 
over it has been completed, at the same price per cubic yard as the. embankment. 
The excavations caused by the grabbing of stumps, removing of buried logs and 
cutting away eraylish holes, die, will be paid for once after they have been refilled, 
at the same price per cubic yard as the embankment. It is to be understood that 
no compensation will be allowed for the refilling of muck ditch, stump holes 01 
other excavations. It i> further understood that the stated price per cubic van 



for levee work covers alt work under these specifications, including the felling of 
trees, cutting drains, or any other work necessary to Complete the levee in accord- 
ance therewith. 

Acceptance of Work.— Ne.v levees will he accented in lengths of 1,0011 feel 
of continuous completed levee, and enlargement work in length-; of 2,500 feet of 
continuous completed work. 

Payments. — Payments will be made on monthly estimates of fully completed 
levei-, except sodding, reserving ten per cent. Payments, however, may 1"' made 
for incomplete embankment when work is so constructed under special written 
instruction of the Engineer in charge. 

Explanation. — The above specification-, if not understood, will be fully 
explained by the Engineer in charge, hut if their requirements are wilfully 
neglected, no measurement, or estimate will he made on the work, until they are 
complied with. 

Engineer in Charge. — It is to be understood that the Engineer in charge is 
the officer of the Engineer Corps of the United States Army who signs tin* con- 
trnet on behalf of the United States, or his legal successor. 

Dimi/reement, — In case of any douht or disagreement arising under these 
specifications, I he decision of the United State- Engineer officer in charge shall 
be final, and he shall he the sole referee. 

fhitr of Completion. — All new levees built to close breaks shall lie fully com- 
pleted in accordance with these specifications on or before January 15. itWK. 
All other work shall be completed on or before February 15, 1898. 

When required by the Engineer in charge, the contractor must provide 
lodging «nd subsistence for the United State- Assistant Engineer, inspectors and 
instrument men, rodmen and ehuimnen. at a reasonable price, approved by the 
United States Engineer in charge, and paid for by the United States. 

Wheelbarrow.*. — Under no circumstances will wheelbarrows be used in 
constructing a levee, except upon special written permission of the Engineer 
in charge, when in his judgment it is not practicable to do the work with 
scrapers. 

Prosecution of Wark, —When the eon tract or enters upon the work lie 
will be required to prosecute the same continuously, otherwise the engineering 
expenses incurred daring any suspension of work will be charged against. 
him, 
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Part oi U. S. Dredge Fleet in Winter Quarters at West Memphis. Dec. 1898. 



APPENDIX D. 

Imhiownc BflSKISMfPl RlVBS BKTWBKS HotJTBS OF TUl: Qbio AND 

Mtssocth Rivers. 

SPECIFIGATIOHS FOB HYDRAUHC DREDGES. 

TiiKsK specifications are as of one dredge, but will apply to the two, which 
arc lo In- alike in every respect. Proposals will be received for one or both. 

SPECIFICATIONS. 

The dredge is designed to have a hull otie hundred and sixty feet in length, 
forty feet in width, and six feet six inches in depth, moulded dimensions. It is 
expected (n have ;i draft, when completed ready for work, of about fortv-two 
inches. 

It will he operated by hauling in wire cables made fust to piles placed in 
saitablc positions u[i stream and out from the sides ©f the dredge, and will make 
a channel twenty feet in width at the hot turn, at each cut. 

It is to he supplied with two centrifugal pumps with suction and discharge 
Openings twenty inches in diameter, the discharge pipe to be immediately enlarged 
lo twenty-four inches diameter. The Damps to lie single Miction, and with interior 
lining capable of being conveniently removed when worn. 

Each [itunp to he actuated by a horizontal compound non-condensing engine 
capable of making two hundred revolutions |>er minute under ordinary working 
conditions, and developing three hundred actual horse-power with hoilcr pressure 
at one. hundred and forty pounds. The piston rod of each cylinder to he attached 
directly to the pump shaft, The crank- at right angles. The steam to he supplied 

bj a battery of six boilers of the Mississippi River steamboat type. 

The discharge pipe for each pump to he twenty-four inches in diameter 
and five hundred feet long, made tip in lengths of fifty feet connected by flexible 
rubber hose and attached to the dredge by a horizontal swivel joint. The pipe 
is supported upon pontoons which will swing under the pipe and adjust themselves 
so as to present their narrowest dimensions to the direction of the current. The 
pipes to he made to discharge the material either directly astern or at righl angles 
to the dredge. 

Each pump with its suction and discharge pipe, engine and three boilers to be 
practically independent of the other. 

Drawings* — Only general drawings of the dredge, with detailed drawings of 
such pans as it is desired to make standard, will he furnished to the contractor. 
All other working drawings skull be made by the contractor as part of the con- 
tract, ami shall be submitted to the United States Engineer officer in charge for 
examination before the work is proceeded with. Such examination, however, shall 
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not relieve the contractor from any of the reqnirements or obligations enjoined 

upon him by the terms of tin- contract. 

< 'nut raft tit's Brandings, id: — The contractor shall furnish a complete gel 
of tracings of all working drawings used in the construction of the dredge, and 
also all such patterns, duly marked, from which special parts are cast as may lm 
designated in those specifications. These shall be delivered to the Engineer 
Officer in charge before final payment is made. 

Weighs of Maehinerjt, etc. — Each copy of the proposal to have attached to it 
a genjBral specification of the engines and machinery proposed to !»<■ furnished, and 
also a list of the weights of the same. 

Main Dredging Pit/tiii*. — The dredge will be supplied with two main 
dredging pumps of the Single Suction Centrifugal type, placed in the hull as 
shown upon the drawings on sheei No. 1. They will lie rights and lefts with 
respect to each oilier. Eaeli pump will have twenty inch suction and discharge 

openings. Tin 1 discharge to I"' under. 'I he shell to he approximately forty-eight 
inches in diameter and twenty-eight inches deep, inside measurements. To have 
suitable si/.eii manhole plate, fitted and bolted <o that it can be readily removed 
•and replaced for the purpose of examining the interior of the pump, and replacing 
when necessary the detachable extension plates, or wings, which form a part of 
the pump disc. To have front and book heads fitted with heavy east -iron liners 
capable of being removed when worn. The heads separately bolted to their 

res] tive places by having their bolts placed in recesses or slots cast in the shells 

and head flanges, so that either of the heads can be quickly removed and replaced. 
Each hdftd to bave a cast iron lug with shackle and bolt for handling same. 

Tile pump disc, or runner, to be approximately forty-eight inches diameter, 
and made of steel cast-iron with double rimmed flanges and three reversed 
curved wings or arms, and having a centre clearance into the pump of approxi- 
mately the same urea as the suction opening, so as to readily pass obstructions, 
and to avoid choking the pump as touch as possible. The ends of these wings 
to he fitted with detachable extension wing plates, secured to their places by 
bolts passing through slotted holes in the same, These extension plates to be, 
made of mild steel, and so curved as to reduce the friction of the same against 
the inside of the pump shell. The pump disc to be fitted with hue hammered 
steel shaft ; inside and outside bearing bushings, as also the gland, to be ul 
bronze. The inside bearings to lie so fitted and placed as to form an oil chamber 
for j trope i- lubricating. 

Front head of pumps to be furnished and fitted with an outside lubricator id 
ft suitable size and approved design \ to have -top valve and liftings so arranged 
that a water-supply from a force pump can be connected to this oil chamber lor 
the purpose of keeping the sand out of tin 1 bearings while in operation. 

I'uiup to be provided with tin approved adjustable thrust and rings, to 
be secured to the front head by substantial holts so that the thrust may be adjusted 
while the pump is in operation, 
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rump shaft to be directly connected by and through a ~ j >1 i t coupling and 
;i coupling balanced fly wheel of suitable diameter ami weight, to the end 
til' the crank shaft of a double crank horizontal non-condensing compound 
engine. This frank to be made of the belt quality of Km- hammered forged 
steel. 

Each pump to be provided with an air exhauster or primer of ample 
capacity, and suitably connected, with all pipes and valves necessary for the same. 
All pieces of the pomp casidg and other parts of tin' machinery that have to be 
frequently handled most be amply prmidcl with eye bolts, lugs and shackles 
suitable for lifting same. 

Mii'm Engines. — Each pump to !»■ driven by a horizontal non-condensing 
compound direct connected engine, capable of developing three hundred actual 
horse-power, at. an approximate speed of two hundred revolutions per minulc 
with boiler pressure of steam one hundred and forty pounds per square inch, 
and maintaining through the suction and discharge pipes the velocity* necessary 
to carry :ii least twenty per cent, of -and with eighty percent of water under 
n maximum head of thirty feet. Tins will be regarded as the average work of 
the engine, to be done without over-straining the parts or beating the bearings. 
It must be simple in design, heavy and substantial in bnild, and have extra large 
wearing surfaces : and be titled up in the best possible manner and in accordance 
with the best practice for high velocity engines. The pump and engine must be 
fitted to and mounted upon a substantial east-iron lm-e. thoroughly bolted and 
aligned and supported, and fastened substantially to the bull of the dredge >o as 
to avoid springing when working up to maximum speed. The engine will be 
titted with all necessary sight-feed and other lubricators, adapted to continuous 
service ; also indicator cocks and connections for taking diagrams, also with all 
calves, cocks, pipes, steam governor*, and every other appliance of approved 
pattern necessary for its convenient and proper operation. 

Oauifei, He, — All necessary gauges and pressure indicators to be of a pattern 
to be approved by the Engineer Officer in charge, shall be furnished and put in 
place by the contractor. 

Jet-pumps, — With each main pump there will be a jet pump for applying 
water under pressure through nozzles to she sand at the entrance to the suction 
pipe. This pump to have two high pressure cylinders eight inches in diameter, 
two low pressure steam cylinder* twelve iuehe- in diameter, two water plungers, 
twelve inches in diameter ; all with a stroke of ten inches. 

The steam cylinders to ba tast on end in dry sand moulds and of special iron 
titosl suitable for the purpose. They must be of ample thickness for re-boring. 
The low pressure cylinder to be provided with dash relief valves to govern the 
Cushion and length of stroke. The packing between high and low pressure 
cylinders to consist of a long metallic sleeve with a flange on one end. The 
sleeve to bo carefully fitted to the rod. and each side of the flange to be ground 
to the faces of the plates secured to the intermediate bead. 
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Steam valves to bp of slide valve pattern, working over porta that will he 
•of ample area io insure the proper admission and exhaust of steam without 
undue loss by friction. To lie operated hy mean* of direct lever connections. 

Each of tin* si earn pistons to be fitted with an adjustable packing ring 
expanded hy a spring. The piston rods to he of Tohin bronze, and of sufficient. 
size and stiffness to transmit the power from steam to water end of pump without 
tremor : and to extend directly and rigidly from steam pistons to water plungers. 
A connection to he provided to each of the low pressure steam cylinders so 
that in case of emergency when an unusually heavy water pressure is retptircd the 
steam from the boilers can he used in the low pressure cylinders without regard to 
the hijih pressure cylinders. 

The water plungers to be of Tohin bronze, Each to work through a set of 
external <t .lifting hoses located between the forward ami rear water chambers, and 
to be readily packed from the outside. 

The pump valves to consist of rubber discs of small diameter working under 
brass guards screwed into brass seats. Tile valves to he controlled by straight, 
-composite springs. 

The steam and water ends of the pump to be connected by heavy cast-iron 
frames. These frames to be bolted at each end. The staffing boxes to be ca-l 
separate from the frames or cylinders. 

Every detail of the engine and pump to be built of tirst-class material and 
workmanship, and all lubricators, pipe-;, cocks and other accessories necessary to 
the proper working of tlv same to be supplied, 

Each pump to be guaranteed to handle twelve hundred gallons of water 
per minute against a water pressure not exceeding sixty-five pounds when 
Tunning compound ami supplied with steam at one hundred and fifty pounds 
pressure. When using (he direct steam connections, and the steam pressure 
mentioned above is supplied, a water pressure not exceeding one hundred ami ten 
pounds must be maintained. Each pump to be guaranteed to withstand a working 
pressure as high as two hundred pounds. A safety valve must be supplied with 
each pump to relieve the strain when pressure exceeding this amount is applied. 

These pumps are to be located with their suction and discharge pipes 
substantially as shown in the drawing on sheets Nos. 1 and 4, The suction pipes 
jo he ten inches in diameter and to lake water from the side of the dredge 
near the bottom. The mouth to be protected by a screen In prevent drift from 
passing through pumps and into the no/./.h's. A straight way vaive of the samn 

diameter as the suction pipe to be placed as near the inlet us practicable, and a 

steam or water connection provided fur clearing any drift that may lodge upon the 
screen. 

Water .lit* and Pipe*. — The discharge pipe of each jet pump to lie eight 
inches in diameter. To pa-s from tic pump. a> shown in the drawing, through the 
forward end of the dredge. To be continued at this point with a short piece 
of rubber hose of the same diameter, about nine feet hi length : thence by pipe 



along down ili>> underside of the main suction pipe to n point near the end of 
ill*' same ivliere it separates into three branches ami finally terminates under the 
main Miction ntode in three bronze nozzles one and one-hail' inches in diameter. 
This discharge pipe to be fastened firmly to the hull and to the main suction pipe, 
as shown in detail in the drawings; on sheet Ho, 5, and to bo made of lap welded 
steel tubing. Al! patterns of castings used on the discharge pipes to become the 
property of the United States. 

I hitlers. — Steam to be supplied by six boilers of the Mississippi River Steam- 
boat type, each forty-eight inches in diameter and twenty-eight feet long and 
containing live flues each eleven inches in diameter. These boilers to he made 
of marine steel of sixty thousand pounds tensile strength, and in strict accordance 
with the requirements of the rales prescribed l>y the " Hoard of Super visi dm 
Inspectors" for a working pressure uf one hundred and forty pounds per square 
inch. The Unices to he arranged in two batteries, and each battery to have one 
slenin drum thirty inches in diameter. ;md two mad drums fifteen inches in dia- 
meter, properly rivelied to their places. All holes in shell- io lie dialled and all 
senilis to be double rivet ted. All furnace fronts and grates, and all sheet iron 
casings to lie furnished, and builers to he bricked in, ui a thoroughly first-class 
manner. It is desired that these batteries shall he -o arranged that either one can 
In* fired and steam taken therefrom for any purpose required upon the dredge, 
without reference to the other, or they may hoth be used as one. Suitable pipes, 
valves, etc., must be provided for accomplishing this purpose. All the usual and 
necessary fittings, pipes and valvOS tj) be supplied and arranged in most convenient 
positions for working same. Smoke stacks to be forty-two inches diameter and 
about seven! v feet high, and supplied with all necessary casings, umbrellas and 
wire-rope gu\>. Before the dredge is submitted to the efficiency test, the boilers 
and all (be main connections shall undergo the usual hydrostatic tost to a pressure 

ui' two hundred and ten | ml- per square inch, to the satisfaction of tin- Engineer 

I 'Direr in charge, or such agent a> he shall appoint tor the purpose. 

/;,</ l'«„ij>.<.— Two feed pumps with outside packed plungers, which shall not 
lie less than fottr and one-half inches diameter and ten-inch stroke to he supplied. 
eaoh capable of delivering sixty gallons per minute at average working speed. 
These pumps to be of tin- WorthingtOU type pressure pattern, or some other of 
equal capacity and endurance, to be approved by the Engineer Officer in charge. 
They are to he fitted with all necessary lubricators, valves and pipe connections. 

/I.:tU-,s,—A feed-water heater of some make to be approved by (he Engineer 
Officer in charge, and of ample capacity to supply the boilers, is to be placed 
over each feed pump, tis shown in the drawing on sheet No. 1, and fitted with 
all necessary connections. 

Pump WW.— The pump well to be five feet long, two feet nx inches wide, 

and tin feet sis inches high, made of steel plate three-sixteenths inch thick. 

With a band of two-inch angle bar iron arouud ihe top edge, the flange of this 
angle bar, to which the cover istohe fastened, to be perforated with eleven Ill-inch 

111 
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holes, six inches pitch. A removable semicylindrical screen one and one-half 
feet radius, of heavy iron about £ inch mesh to be fitted in the well. The supply 
pipe to he six inches diameter, and to have r single gate valve placed as near the 
intake as practicable, and the mouth protected by a bar screen. A l|-ineh steam 
connection to be provided to clear away drift, etc, from the screen. A 1| inch 
brass screen plug to bo litted to bottom of inside for washing out. 

Fire Pump. — The tire pump to be of the outside packed plunger pattern of 
some make approved by the Engineer Offices in charge, and to have a capacity 
of at lea^t one hundred gallons per minute. The main pipe line fo be placed 
in convenient positions and have host connections on each side of dredge 
on each deck. Commotions also to be made to sand chambers of main pump 
stuffing boxes, to spud anchor, to water tank on upper deck, and to fire stand 
pipes. Steam connections to be made from both main and auxiliary boilers. 
I'Ymr lengths, each fifty feet long, of 2 \ inch diameter best 4-ply rubber hose, 
with all necessary coupling*, caps, noxales and valves to be Supplied ; also 
hose keys with chains attached, and suitable racks for Itose. A suitable safety 
valve to relieve excessive strain upon this pump when nozzles are suddeuly closed, 
to be supplied ami Attached to the discharge pipe near the pump. 

Hull. — The bull to be built of steel throughout, as shown on drawings on 
sheets Nos. 3 and 1, and in accordance with the rules of the American Ship- 
masters' Association, in so far as such rules are applicable. Hull to be 1G0 feet 
long, 40 feet beam, and u" feet d inches deep, moulded dimensions. The Opening 
or well at the bow, in which the suction pipes are placed, to be 21 feet wide at 
forward end, DS feet at after end, by 81 feet long ; and the two projecting ends 
thus formed to be strongly tied together by a box girder 3(1 inches wide by 30 
inches deep. The junction of this girder with sides of well to be reinforced with 
angles and cover plates. Two angled to be rivctted along the front of this girder, 
perforated with holes to receive screen bftTS made of 3-inch double extra heavy 
pipe, and spaced I ineluv- apart in the clear, and to hang \i inches below the 
surface of the water. The hull to be open in the parts occupied by the pumping 
niaehinerv atnl the boih-rs, and to be decke 1 over the remaining parts with steel 
plate. The after deck to project 12 inches beyond the >tem of the hull for its 
entire width, and the guard thus formed to be strongly connected to hull by ten 
gussets of 5-16 inch [dale, ami to have a fender plate ID inches wide and % inch 
thick ri vetted on outside edge with a 3 inch steel angle. The hull to be provided 
with two sheer angles 3 inches by 3 inches, 7' 2 lbs. per foot, on either side running 
the full length of hull and firmly rivetlcd to same. Fender strakes of white oak, 
6 inches wide and 10 incHi's deep, lo be neatly titled to sheer ingles at sides and 
stern, as shown on drawings, and secured to hull by j inch button-head bolts at 
about l,"> inch pitch, staggered. These fender strakes in be laid on a thickness of 
hair felt throughout their length, the hull having previously received two coats oi 
strictly pure red lead and oil ; and the bent portion of fender strakes at the cor- 
ners of the after guard to be protected with iron straps 7 inches wide and f inch 
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thick, secured by ,J inch countersunk bolts. The floor beams in be of 12-inch 
channels, in feet long, weighing -■> lbs. per fool, except ul sides of well where 
they will be 12 inches by 20 lbs. Side frames to be of 3 inch by 4 inch angle 
bars, 11 lbs. per foot, ri vetted to web of floor beams, and farther seen red to same 
by gussets, and connected in like manner to deck beams, as shown, Side frames 
to be spaced with same pitch as floor beam*, namely : 24 inches in the compart- 
ment containing main pumping machinery, and 30 inches apart throughout 
remainder of hull, as shown on drawings. Ten keelsons of 15-inch steel 1 beams, 
all to run fore and aft : the two outboard keelsons to weigh 55 lbs, per foot, and 
the eight intermediate keelsons 45 lbs. per foot. Keelsons to be in as fong pieces 
H3 practicable, connected by double butt straps of I inch plate flanged to (it accu- 
rately between flanges of 1 beam-, and treble rivetted with \ inch rivets. The butts 
of consecutive keelsons to ha about sis 8oor beam spaces apart, and each keelson 
to be attached to each floor beam by two J inch diameter rivets. Each of t.wo 
middle keelsons to be stiffened throughout its entire length by a continuous line of 
intercostal plates between it and the bottom plating. These itttereost.als to be of 
pressed plates £ t inch thick, and U> accurately tit the spaces between the keel- 
sons and bottom plates and floor beams, and are t<> be rivetted to the lower flanges 
of the middle keelsons, and to the webs and flanges of the floor beams, and to the 
middle strake of the bottom plating, with ij inch rivets, with a pitch of 3 inches. 
Limber holes in bottom of intercostal plates under mi-Idle keelsons. 

Outside plating of hull to be not less than sis frame spaces in length, 
Longitudinal seams may be lapped, transversa seams mnst be hutted. The butts 
of adjoining strake- to have a shift of not less than two frame spaces, and tlio^e 
of alternate st rakes a shift of no! less than one frame space. The centre strake 
<.t' bottom plating to be g inch thick, and all other bottom at rakes to be f\ inch 
thick. The upper stroke of side plating to be j| inch thick, reinforced sit the 
extremities of all ftthwartship bulkheads with doubling plates , f ' ( inch thick, 
tis indicated in drawings on sheet No. 3. The lower strike of side plating to he 
,''„ inch thick. The bottom plating to be continued up to deck line at stern to 
form end plating : and also at after end of well M far Up as the pipe frame shake ; 
which will be a single plate J inch thick. The bow end plates and rake to he | 
inch thick, and all side plates in well to be ',*, inch thick. 

The butts of all outside plating to he planed or chipped fair and fitted 
close, metal to Hiatal, and all shearing to be don- from the laying surface of 
plates. The butts of bottom plates to be treble rivetted and to have single butt 
Straps 10g inches wide and £ inch thicker than the plates which they connect. 
The butts of side plates to be double river ted and to have single butt straps 7j 
inches wide, ami A, inch thicker than the plates which they connect. All butt 
straps to be in one piece and to entirely cover the seams over which they are 
tilted. Tie- (ibre of double and treble rivetted hull -traps must be in the same 
direction sis the platen to which they are secured. All longitudinal seams of 
outside plating to he single rivetted lap 2| inches wide. Solid liners in one length 
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to be fitted at. every frarae, between frames and «>iat ^i> )<• sf rakes of outside plating, 
Li hits to I if the width of the flange of die frame to which they are lit ted, and to 
be carefully titled so us to till the entire space between the edges of the inside 
strakes. All butt straps to be on inside of hall, and all outside plating rivets to 
lie countersunk on outside. All seams intended to be watertight must be 
thoroughly caulked 

The deck plating to be i inch thick, except at sides of ) toiler and engine 
hatches, where it must be 5-1(1 inch tliiek. All steams to be double ri vetted, batt 
jointed, with single straps on under side 7| inches wide and ,\ inch thicker 
than the plates they connect, with rivets to be countersunk into deck plate, Tho 
deck to lie further stiffened or supported from below at points carrying the heels 
of stanchions, or braces, or shop machinery ; also a( (he points of attachments of 
Capstans, timberheads, chocks, kevels smitehblocks, and gays. 

The through-dock beams tinder machinery cm forward deck to be u| t>-iucil 
bulb angles, 12*o lbs. ; all other through-deck beams to be 5-inch bulb angle-. 

Id His. Keck beams at side of well to lie .1-inch bulb angles, Jit llis., and till" 
short deck beams at fides of engine and boiler hatches to he o-iuch aisles, 
liars, t! lbs. Suit aide supporting steel stanchions resting on keelsons will lie 
placed tinder all deck beams, and the unsupported -pan nl' any deckhcain to be not 
more than 7 feet 4 inches. 

The bull to be divided into eleven water-tight compartment- by fore and 
aft and athwart.-hip bulkheads, us shown on drawing -No. 3. Bulkheads to be 
j inch tbtek, stiffened with 2.1 inch angle bars, and to have single ri Vetted seam-. 
The intercostuls tor floor beams and keelsons, for all water-tight hulk beads, to 
be of pressed plates { n inch thick . The bow plalhi^ to which suction pipe 
frame is attached to be stiffened with tie plate- and braces to false bulkhead. a> 
shown in drawing on sheet No, i. All hole- cut in bulkheads for suction, 
discharge or other pipes, to he efficiently compensated where necessary, and made 
thoroughly water-tight. 

The engine room (o be Scored with A inch steel plates butt, jointed on 
keelsons, closely fitted to discharge pipe and stiffened with light 2-inch tingle 
bars running athwart-bip between keelsons, with a pitch of 1.1 inches and rivctled 
to under side of floor plating with $ inch rivets, All rivets in floor plating to lie 
countersunk into plating. All foundation plates, stiffening plates and nitgle* 
necessary for pmnps and machinery, to he (milt in bull as required ; also all 
platforms and steps or ladders needed for the proper lilting out and completion of 
dredge to he supplied and filed in place. The Hoof tn the coal rOOia and stoke-lmld 
to extend between longitudinal bulkheads, and to he carried on athwartsbip false 
floor beams, of 20*5 lbs. 12-inch channel bars, S3 feel long, spaced with a pilch of 
30 inches, resting upon the keelsons. The webs and lower flanges to he cut a«aj 
:il the ends of these channel bars in ordei to clear 21-inch discharge pipe-, and the 
ends of upper Hang.- of channels to be scoured to longitudinal bulkheads by means 
of angle clips. The tluor plating to he , ■';, inch thick and butt jointed on above- 
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described false floor beams, anil to be rivalled and stiffened in the same manner as 
proscribed for engine room floor. The boilers to be carried upon four boiler 
beams, of 12 inch channels, 25 lbs. per loot, two tinder front of boiler, and two 
under after mud drums, as shown on drawings. 

A suitable well for spud anchor to be bttilt in fur ward part of hull, as shown 
ill drawings mi sheets Xos. 1 and I. 

The L ' A " frame from winch suction pipes tire suspended, to bo built of 
1 beams and angles, the whole to rest on keelsons of hull and be securely rivetted 
lo same, all as shown on drawings on sheets Xos. 1 and 7. 

HheU lo In' «t' Boft steel and j inch diameter throughout the hull, except, 
where otherwise specified or noted on drawings, or where the nature of the 
Work requires a different size. The rivets in seams or laps of outside plating to 
be spaced longitudinally not MOfC than 2£ inches centre to centre, and rivets in 
scams Of lap- uf all internal wuter-iigiu work to be spaced not more than j| 
inches centres. All double ri vetting, im-hiding butts, to be chain fashion, except 
where otherwise noted on drawings, the distance from centre to centre between 
the row-* lu be 1£ inches. No rivet to be nearer the seuni, butt, or eilge of a plate 
or angle bur than its diameter. Spacing of rivet? in beam knees to be from 2| 
inches to 3| inches centres, but no beam knee to be secured to its frame or beam 
with less than four rivets, ftivets for securing outside plating to floors and frames. 
stiffening angle bats to bulkheads, and all work where angle bars do not require 
to be caulked, to be spaced not more than 5 inches centres. Angle bar clips and 
splice pieces to have not less than four rivets in each flange. Rivet holes to be 
regularly spaced and punched from laving surfaces and to be opposite each other 
in adjoining surface-. Heavy drifting not to be resorted to. Holes not punched 
fair lo be drilled or reamed fair and a size tit' rivet to fit the hole to be u>ed. 
Countersinks to be not tens in depth than three-fourths the thickness of plate or 
angle bar countersunk. Rivets to completely 611 their respective holes, and the 
heads to be laid up in outside plating and all other water-tight work ; the points of 
rivets when finished to completely till the countersink- and be slightly convex or 
lliisb with their respective plates or angle bars. 

Tbe bull to have all necessary hatchways, with suitable deck rings or 
coamings, gratings mid covers; also convenient ash chutes in stoke-hold, with 
doors for same, The bull lu be further provided with all necessary bitts, fair- 
leads, and cleats, secured in a good and substantial manner, and al-o I wo davits 
• it tbe -tern lo lift the coupling hose of pipe line. The water-tight compartments 
lo lie fitted with JS-inrli bilge sy phmis ; fcwo in each of the five htre,e compartments 
and one in each of tbe compartments at s| ( ies of well and engine ami boiler 
rooms, sixteen in all. The discharge pipes for syphon- to be attached to outside 
plaling by flanges and bolts, and all valves lo be placed so as to be easily accessible 
from deck. All other pipes, such as water-closet pipes, blow-off pipes, overflow 
and drain pipes, etc. discharging through sides of dredge, must be attached to 

[dating by flanges either bolted or rivetted. 
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Suction Pipes, — There will be a suction pipe for each main pump having 
an inside diameter of twenty inches. It will leave the pump li v a reverse 
curve, pass nut through the hull at the pipe frame strata and by a radial joint 
down through the suction well, and terminate with a nozzle or suction head ten 
feet, wide and twenty inches high, inside measurement?] as shown upon the 
drawing* on sheets Nos. 1, f) and l>. The reverse curve, the radial joint, flung' 1 ? 
on the pipe, and the junction piece between pipe ami suction head to l>e steel east- 
ings, the other part- of the pipe to be of plate steel j inch thick. The suction pipe 
and suction head to lie smooth on the inside, the pieces put together with out -id" 
butt straps, rivets to he countersunk on inside. All seams to butt with chipped or 
planed edges so as to form a metal contact, Butt straps to be 5| inches wide and 
f s inch thick. The flanges on the pipe outside the hull to have lauding on the 
pipe sufficient for double rivctting. A 3-inch X 4-inch 1 1-lh. angle iron to be 
rivettcd to the top and bottom of the pipe to attach bracing. 

Suction head to lie curved, radius of centre 13 feet, to be made of Steel plate 
| inch thick. The junction piece which joins the suction head to the pipe to he steel 
casting with fl;in»es well luMrkrte i, ami to have at |e;i-t 7 inches of landing for plates 
with doable row of rivets. Six screen burs or lodes, made of steel plate { inch 
thick to he placed within the suction head. Two o^-inch angle irons 13*(i lbs. to 
he placed on top side of head, to which lugs for bracing and sling chains are to 
be rivet ted. All these and other parts to be made in conformity with drawings 
shown on sheets Nos. "i and 6. Stiffening and bracing parts to he provided as 
shown on the same drawings. There i> to be provided a bracket hanger of ample 
strength and suitable design for the support of the inner ends of the diagonal 
bracing of the two pipes. Tins to he steel casting and firmly attached to the bull 
of the dredge at the pipe-frame strake, as shown on drawing, The straining 
frames shown on drawing No. 7 to be made to fit on suction heads and to work 
in pinning brackets, which last are tit be steel castings rivettcd on bow girder. 

Radial Joints, — Each radial joint for suction pipes to consist of three 
parts. The ''stuffing box " to he a steel easting with heavy flange to holt to bull 
of dredge, and lugs for earning suction frame, and from which the frame will 
radiate, and to be titled with rubber packing ring, etc., as shown on drawing 
No. tl. The "radial pipe" which slide* in aim ve stuffing box to be steel casting 
20 inches diameter inside and machine finished outddc. The " flange piece, 
which is rivettcd to suction pipes, to he a steel casting and have heavy lugs fitting 
into those on stuffing box, all connected by a finished steel pin M inehes diameter. 
All parts of the radial joints must be of ample strength lo lake all strains to which 
they may be subjected, and must be thoroughly well fitted, and great eare must he 
exercised in fixing them truly in line on hull of dredge. All radial joints (o have 
sufficient range to admit of dredging in 15 feel depth of water, and to raise jet 
nozzles above bow girder, and to be sn arranged that when dredging in 1> ted 
of water (he end of radial pipe diall offer no obstruction to I he flow of watel 
to pump. 
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The pattern.'; from which the reverse curves in the suction pipes, the 
radial joints, iiml the junction piece between pipes and suction heads are cast to be 
the property of the United States. 

Suitable provision to be made where the suction or any other pipe to be 
used in the dredge, pusses through a water-tight bulkhead to insure that no leakage 
shall lake place. 

Discharge Piptt and Pontoons. — There will he one discharge pipe for 
each main pump. All straight portions to he made of tank steel { inch thick. 
Curved purl ions and flange? to be steel castings. The discharge opening of the 
pump being twenty inches diameter, the discharge pipe will be enlarged at 
the pump by a short piece of straight pipe to twenty-four inches diameter, 
thence to make a onurter turn willi a radius of 1 feet :i inches, and extend down 
and directly out through the stern of the dredge, resting on the floor beams as 
shown on the drawings on sheets Nos. 1 and 1. 

At the stern of (ho dredge there is to be in each pipe u reverse curve 
swivel joint, by means of which ihe pipe beyond till! dredge will be slightly raised, 
and can be changed in direction through an angle of 18H degrees. Details of tins 
joint are shown in drawings upon sheet No. 0. Near the stern of the dredge and 
inside there shall be provided in each pipe a suitable hand hole for introducing 
the suction pipe of a small pump for the purpose of clearing the pipe of Water, 
Ou the outside of the dredge the discharge pipes to be in lengths of 2-1 feet, 
i.-oinieei.-d by ll;i n _"■-, i'ih-Ii twnuf sticli lengths to b,. nDiihrl i-l \<\ a rrjiiplinjr and 
piece of flexible rubber hose 3 feet d inches lone;. The pipes to be supported 
every Uvculy-live feet upon steel pontoons so arranged that they may swing 
under the pipe and present their narrowest dimension to the direction of the 
current. The pipe to lie connected to the dredge by a piece of flexible rubber 
hose "i feet. % inches long. Each discharge pipe to have a length of five hundred 
feet and terminate with a baffle plate for ihe purpose of steadying the pipe 
line while material is going through it. The pontoons to ho made of tank steel 
, a fl inch thick, rivet ted to suitable frame, iif angle iron, and provided with a chair 
for holding the pipe, and king bulls and plates ; also manholes, siphonholes, 
kevels, ring bolts, clevises, rudders and other appliances for lowing and using them. 
All details of construction of the discharge pipes and pontoons, and the manner in 
which they are to be used, are shown on (he drawings on sheet No. 8, The 
patterns from which the swivel joints ami the curved portions of (he discharge 
pipes arc made to become the property of the United Slates. All seams of the 
pontoons musl be i ho roughly caulked and made perfectly water- tight. 

The discharge pipes to be made of tank or soft steel, :} inch thick, 
tWenty-fo«r indies interior diameter, with steel easting flanges, both of first 
class quality and free from blemishes of every character. Joints to he abutting, 
with surfaces planed or chipped so a-* to form metallic contact, and with 
outside *trap pieces 3 inches wide and staggered rivets. Rivets to be H inches 
between centres and countersunk on inside. Inside surface to be sin out h. 
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Flanges to be us shown on drawings, wiili faced surfaces at right angles in axi- of 

pipe. lioli holes spaced and drilled in accordance with usual rules. Pipes to be 

perfectly water-tight under a pressure! of seventy-five pounds per square inch. 

Rubber Ho&>. — The flexible rubber 1 1*>~<^ in he supplied lor the discharge 

pipes to be 8-ply best Para ntbbi.T, with interior lining of pure rubber \ 
inch thick, and ends capped with rubber so that cotton may not be exposed. 
Interior diameter to be twenty-five inches. All to be made in the most 
perfect manner and plies warranted not to separate. Hose to be attached to ends 
of pipe sections and to swivel joints with wrought iron bands, as shown iu 
drawings. 

Hand Winches. — Four hand winches with wooden platforms, on which 
to place tbe same, to be provided for the purpose of handling the line* wilh 
wb ich the pipes are to be deflected. 

Paintitir/, — All iron surfaces mibi be cleaned, scales and all trace* flf 
oxidation removed before painting is be^tui. The hull, discharge ami Miction 
pipes and jet pi[ies, with all bracings and iron work connected therewith, ami 
pontoons, to receive two coats of strictly pure red lead and oil, both inside and oal, 
and one coat, the la^l, of such color as may be designate. I. Pipes need not. be 
painted on the inside. Faced surfaces of turning plates on pontoons to be 
preserved with a coating of white lead ami tallow. The machinery to bo painted 
three coats of good oil paint of such colour as may be selected, the his! eoat to be 
put on after all preliminary trials have been made, before tin- dredge is received 
by the Government. It is understood that no part of the dredge, or any of its 
appurtenances or appliances, is to receive any paint or coating substance of anv 
kind until after the contractor has notified the inspectors that such part is reailv 
for painting and received permission to proceed with this work. 

Suspension Tackle. — The lower end of the suction pipes to bo snstiended 
f roiti '• A " frame at bow of dredge by a 1 J-fnch manilla rope of best quality, 
reeved through doable and triple blocks of suitable si/.e and strength, the rope to 
lead to winch heads id' how-winches, The connection to suet inn heads lo he made 
by 1-inch sling chains 10 feet long. All tackle to he of ample strength for tlifl 
purpose intended, and of be.-l ipialiti and workmanship. 

Sow Winrhef. Two bow winches to be placed near sides of well on 
forward deck, as shown on drawings on sheet No, 1, for operating the for wan I or 
feed movement of dredge. These winches to have double engines geared in -neb 

a ratio that they will wind up at sj ds varying front .j inch to 7 incites pet' 

second, with drums at least 42 inches diameter and of sufficient length to hold 
1.20(1 feet of 2-inch diameter wire rope, in two lays, and iim-i be fitted with 
dutches mid brakes, so that drums may be overhauled and lines paid out quickly- 
Engines to have reversing motion and be famished with all necessary lubricators 
valves, pipes and drains : also, to have winch-heads on ends of main shaft for tJW 
purpose of hoisting ami towering suction heads, and doing other work, Qearioj 
to be so arranged that drums need not always revolve when main shaft revolves. 
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Spin! Anchor. -The spud author to be of oak, 22 inches square and 36 
feet, long, fitted with cast-iron shoe and cap, and arranged to work in a well 
provider! ibr that purpose at bow of dredge. The spud to be fitted with hydraulic 
power for sinking, as shown in drawings on sheets Nos. 1 and 7, and to be 
counected to lire pipe line by 2£-inch diameter rubber hose. To raise the spud 
there will he two mild steel bands, each 5 incites wide and 1$ inches thick provided 
with lug*, placed around the spud. These will be loose so as to slide up and 
down the spud freely. By taking hold of a lug on one side the band will hind to 
I he spud and permit it to be raised when sufficient power is applied. Suitable 
arrangements will he made fur applying this power through blocks and tall, as 
shown on drawing on sheet No. 1. The falls will lead through snatch blocks 
attached to eye holts to the winch heads of the bow winches. Where the spud 
goes through tin- cabta deck there is to he provided four guide rollers, resting 
upon a c&st-iron frame suitably fastened to said deck. Ail blocks, lines and 
fastenings must he nf sufficient strength and proper design for accomplishing the 
purpose, without overstrain, for which they were intended. 

Auxiliary linil.tr, — A vertical boiler, -12 inches diameter and 8 feet high 
with snhmerged tubes, to be placed in hoilcr room and connected with electric 
light engine, tire pump and shop engine, and furnished with all usual fittings, 
valves and connections. This boiler to be made it) accordance with the rules 
prescribed by the " Board of Supervising Inspectors" for a working pressure of 
140 lbs. per square inch. 

Steam (ktpstans. — Four steam capstans for handling side lines to be 
provided and placed as indicated on drawing on sheet No. 1. They must be of 
some make approved by the Engineer Officer in charge, with double engines having 
cylinders not less than ti inches diameter and 8 inches stroke, and fitted with all 
pipes mid valves and levers, arranged in such a manner as to lie conveniently 
operated from deck. The engines to be placed in hold id' dredge. 

Operating Lever*, Signals and Gauges. — Tin 1 dredge must be provided 
with all necessary levers, -ignals and gauges coin cniently placed, for the efficient 

and safe operation of all it- part-. 

Pipes, Valves, th:~ All the pipes, valves and fittings necessary to 
Complete She dredge ami put it in thorough working order must he supplied, of 
the very beat quality and make approved by the Engineer Officer iu charge. All 
small valves, up to and including t\ inches in diameter, to be of brass, heavy pattern, 
and all valves above 2\ riicbes diameter io be brass mounted and of heavy pattern. 
Steam and feed pipes to be made and fitted in accordance with the requirements of 
the rules of the u Board ol Supervising Inspectors," special attention being paid 
to making provision for the expansion and draining of said pipes. All main 
steam pipes and principal connections to he covered with good non-conducting 

material to be approved lq the Engineer Officer In charge. 

Wire and otluv Hopes, Blocks, d<\— The following ropes to be supplied : 
Two bow lines of f inch diameter wire rope. W wires to the strand, each 1,200 feet 
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long, to be selected or approved by the Engineer Officer in charge. Four breast 
lines 1 j inch diameter, best quality ma nil hi bolt rope, each 600 feet long. Two 
lines 1£ inch diameter, best quality manilla boll rope, for hoisting suction beads, 
lengths as may lie required, and such other lines with blocks ami tackle a* may be 
necessary fertile efficient working of the dredge. 

SjXXIV Parts. — One runner or disc, with shaft, for each main pump of 
same material as original runner and shaft. One set bronze glands for each main 
pump. One complete set liners for Oach main pttmp. One set grate bars for each 
Ijattery of boiler-. 

Mooring ViUn — The dredge will be moored in position by bow and 
breast lines which will be attached to iron piles ; the bow lines of \ inch steel rope 
passing over snatch blocks on " A "' frame to bow winches, and the hrojisl line.-, ol 
1} inch diameter, best manilla bolt rope going to capstans. There will be six 10- 
inch piles and ten 7-inch piles required} made of wrought-iron tubing, put together 
as per drawing on sheet No, 9, ami titled with all clamps and hose connections 
ready for work. 

l.t<<:lrir iJiiiit / J /itti/. — Tin-- j dan I will con-i-t of an engine, dynamo, belt, 
two 2,000 e. p. arc lights: one 4, (KM) c, p, focussing head-light with reflector; 
seventy-five 16 c. p. incandescent lampa : a hardwood switchboard with necessary 
switches, lead and current wires, fuse plugs, ammeter, voltmeter, rheostat, and all 
other appliances necessary for a complete out tit. All to be approved by the 
Engineer Officer in charge. 

Engine. — This must be a horizontal single expansion, double acting, self- 
oiling, automatical!) governed engine, with :i 7-im-li by LO-incfa jacketed cylinder, 
or equivalent, designed to work in a satisfactory manner, with a boiler pressure 
of tuff lbs. per square inch, and provided with a " Foster" reducing valve 
to give a uniform and satisfactory working pressure. The driving pulleys to be 
12 inches diameter, fU inches face, with the governor adjusted for 200 to 225 
revolutions per minute with any load up to 2o li. p. The engine shall be bohed 
tu :i sub-base of suitable pattern ; both surface- of the joint being surfaced in a 
workmanlike manner and held by not less than four -led dowel pins, each '. inch 
diameter. All ncee--arv oil cup-, pet cocks, wrenches, etc., iiui-t accompany the 
engine, and necessary foundation, exhaust pipes and -team pipes to connect with 
each battery and donkey boiler, furnished ami placed as directed. 

Djfmmo, — The dynamo will be a direct current, constant potential multi- 
polar 110 volt machine of the "Western Electric" pattern, of not less than 
H k. w. capacity at JCill revolutions per minute, with a pulley of such 8186 as lo 
give the normal speed with a AS inch driving pulley making 200 revolutions per 
minute, free from sparking, and automatically regulated so that any or all of tW 
load can be turned on or off while- canning at normal speed without disturbing W*J 
voltage or heating any part of the machine. With self-oiling attachments aPl 
oil gauges, oiounted on a sliding base and fotindalioii. to lie approved b) I" 1 

Engineer < Mtioer in charge. 
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/irii.— Hie bolt must be of the beat grade of doable leather, oil $nfe&ea\ 
ti inches wide, and of sufficient length in prevent slipping, 

bights.— Tin- head-light must lie a focussing are light with reflector of the 
'■ brush " pattern of 4,000 c p.. burning ami feeding properly with u constant 
potential current of id am pores. It must have a dead resistance in the circuit, 
that with the liimp will take up the lid volts of the dynamo without danger 
from lire. Bracket will lie furnished of design to be approved and placed OS 
directed. The. »rc lights must be •' Adtinis-Bagnell " constant potential lamps 
of ?,000 c. p., burning and feeding properly with current of Id amperes. They 
will each be put up in an independent circuit, and must have n dead resistance 
that, with the lamp, will take up the whole voltage without danger from fire, They 
must be furnished with clear glass globes, supported without the use of wire netting 
metal weather hoods, and automatic stops or cut-outs, The booms for these lights 
will be furnished of pattern und located as directed. Incandescent lamps must 
all he 1G c. p.. 110 volts, lamps wiib Edison key sockets of standard size. 

Wiring. — The wiring will 1h> located on the dredge as may be directed 
by the Engineer Officer in charge. The diameter of wires, and wiring and 
insulation, must be in accordance with the requirements of the St, Louis Board 
of Underwriters. Weather-proof insulation must be used for exposed places, 
and rubber insulation lor inside work. All wires widl straightened and put up 
in a most workmanlike manner. 

Switch Board and Attachment*.- — A neat hardwood switch board must be 
furnished and put tip, containing all the necessary switches for controlling the 
currents of all the lights. The dynamo leads will include in their circuits a 
voltmeter and ammeter of the " Weston" type, of suitable range, reading single 
v«l I-* and amperes respectively, which must be suitably mounted on the switch 
board. All of the above outfit must be of the latest pattern and put up in the 
most workmanlike manner, each part located us shown by drawings, or as directed, 
and matlfl to work in manner satisfactory to the Engineer Officer in charge. 

An electric signal Call-bell system. Comprising 1 annunciator of 4 indica- 
tions ; not more than ii other bells, or "buzzer*"; 1 battery of 4 he t 'lunche 
disc cells ; puib tuitions of plain bronze, and necessary wiring with suitable 
insulated copper wire, will be established. All articles to be of design and sizes 

to be approved by the Engineer Officer i» charge, and work to be done in the 
most approved manner. 

B0ILBB DECK FKAMK A N I > LoWKIt DECK HOUSE, 

Divisions Of lower deck hi consist of engine room, lire and coal room, boiler 
room, machine shop, wash room und water closets for crew, and ice compartment, 
all formed by bulkheads, and of the sizes W shown (NO the drawings on sheet No. 1. 

.\taten\tf.— AH lumber used in the const ruction to be the best clear and 
MOSOned, planed both sides and edges, of the sizes Specified after being dressed. 
and ol the kinds as hereinafter described. 
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Frame. — Main stanchions, 4 indie* liy 4 inches, while oak ; intermediate 

stanchions. 1 inch by 3] inches, white pine ; main clamps, I 'J inches by 12 inches, 
while pine : inside damps, If inches by 5 inches, white oak ; main ridgepoles, 

4 inches by l> inches, yellow pine ; centre ridge pole, 4 inches by 6 laches, ycl low- 
pine ; ridgepole stanchions to be formed of two T-hars, 5 inches by 3 inches, flat 
parts ri vetted together with a tenon formed on top, fore ami aft, 3 inches by 1 
inch : carlines, H inches by (i inches, white pine ; boiler deck facing, 1 inch by 

5 inches, white oak ; nosing, J inch by f> inches, white oak ; waterway, 1 inch by 
*?-[ inches, white oak. 

Cemstrudion. — Height at top of clamps, 10 feel !> inches from main deck. 

Main stanchions, at the sides of open part of hull, to be fastened at the 
heels with three screw-bolts, of £ inch iron, to 4-inch by 4-ineh angle bars four 
feet long, weighing ll-WO lbs. per foot, angle iiars to be ri vetted to hull bulkhead 
and extending two feet above main deck. All other stanchions to be fastened at 
the heels with one screw-bolt of i-indi iron to angle clips, 4 indies by f! indies, 
weighing 12*30 lbs. per foot, ri vetted to main deck. Main stanchions to be spaced 
as shown on the drawings, anil (lie spaces between to be filled with intermediate 
stanchions spaced on an average of 1 ti indies between centres, fastened al (lie 
heels to an oak sill 3| inches hy ,-J indies, tin- ends of same gained into main 
stanchions J inch, and the sill -et 1 inch above main deck. 

Main clamps outside to be let into heads of main stanchions ; ,' inch, 
inside damp fastened to face of stanchions at the underside of carlines, and the 
space between damps filled at tile hack of intermediate stanchions. The top ol 
openings for doors to be framed with 1-inch by 4-inch oak and the space above 
idled with intermediate stanchions and the openings cased with white pine. 
Window frames to be of 1 H L inch white pine, with franking to mil (he same. 
Oarlines to ho in two lengths, spaced 16 inches between centres, let down flush 
with lop of main damps, the inside ends of carlines to Up three feet over each 
side of centre ridgepole. Laps nailed and screw boiled together with | inch holts, 
nailed at main ridgepole and clamps, and the projection from outside of main 
Cabin to end of guards, diminished 1 inch and finished with lacing, nosing, and a 
waterway on deck, of the sizes and material as herein hefore de<erihed. Main 
ridgepole to be placed under a direct line of the skylight stanchions of iiiaiti 
cabin and supported by stanchions of T-burs, a- hereinbefore described, I he heels 
of stanchions screwbolled with i inch bolls to two angle clips i inches hy t! 
inchea, rivelled to deck of hull and otherwise suitably placed, as shown on flic 
drawings. Kidgepoles where not supported \>y stanchions and where the spans 
are more than 10 feet between stanchions, are to be supported by king-posts oi 
4-inch by 4-inch yellow pine, extending 30 indies helnw ridgepoles and trussed 
with chains of j inch round iron extending out to sides through heads of main 
stanchions and through main damp, fastened al clamp with nut and plate washer. 
The chains at the intersection with king-posts to be flattened into a plate ',' iuch 
thick hy 3| inches wide, and each chain provided with iwo tiirnhuckles of jf fa " 
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round ban. Chains to he connected over the heads of the T-bur stanchions with 
shackles ami pins of ^ inch round iron, ami the hiside damp at the intersection 
with chain to ho reinforced with oak battens H inch thick by 5 inches wide ex- 
tending over not less than three spaces of carlines and let up into carlines £ inch, 
and well nailed to earlinos. 

1 {oiler deck to he laid with tongued and grooved white ptue \ inch thick 
and not to exceed "i inches in width, secret and double nailed lo carlines, and 
that part that forms the guard outside of main cabin to have the tongues and 
grooves painted with white lead before being laid, sides and ends to he covered 
with tongue and grooved white pine \ inch thick, headed one side, secret and 
douhle nailed to all stanchions, sides laid fore and aft, ends laid vertical, ami the 
nail heads punched, To he openings for doors and windows, and of the sizes a> 
shown on the drawings. 

End and partition bulkheads to he con-trueted with stringers of 2-inch 
by 4-ineh white pine, let into stanchions at each end \ inch, four stringers 
in each space, and covered with tongue and grooved white pine \ inch thick, 
laid vertical and secret and double nailed to stringers. The forward bulkhead 
to be constructed in folding sections of suitable lengths, and provided with hinges, 
etc., for operating and holding in place. 

The under side of clamp alongside of boiler room to bo spaced as shown 
mi drawings, and each space filled with pirn- slats, \ im-h by 4 inches. 

Bad projections of boiler deck to be supported by 4-ineo by 4-inch yellow 
pine brackets, of the design as shown on drawings, to be five brackets at each 
end, and brackets fastened to stanchions with A inch iron luitton-hcad screw holts. 
The bottom of the siding, on the sides and ends, to be finished with a \ inch 
quarter round of white pine. 

Ih ,„r,i.— All to he oak-battened and sliding, except door to the crew's, 
closet ami the crew's wash room, hung at the top with the best loose axle barn 
door hanger*, to roll on iron rails at top. bolted to sides with screw-holts, and 
to have sash sere wed to face of door, where shown on the drawings. Door to 
crew's dosel and wash room to he lower part panelled, upper part glass, as shown 
on the drawing. 

Window,—! Tfl be of the sue and number as shown on the dra wings, tilled 
with douhle sash 1£ inch thick, and fitted out with clamp fastenings for holding 
in any desired position. All glass to be double strength " American,'' 

Swinging Femltis.—'Yu be 12 on each side, of white oak, 6 inches by 
12 inches, to extend from boiler deck guard lo 18 inches below line of main deck 
all properly lashed at top to small oak kevels, screw-bolted with button-head 
bolts, £ inch through kevels, deck and a batten of oak underneath guard. 

Btairt,— Those leading up to after cabin to he four feet wide, with oak 
treads 1 inch by 10 inches, white pine risers \ inch by 7 inches, ceiled underneath 
and on sides, 30 inches above cabin deck, with \ inch tongue and groove white pine, 
beaded on both sides, with handrail on top, and supported on three carriages of 



white pine, Staira leading up to main cabin to be fi feet u inches wide, with oak 
treads 1 inch !iy 10 inches; whin- pine risers j inch !>v 7 inches; ceiled under- 
neath ami on sjilt's to top of cabin deck with tongue and groove white pine, i inch 
thick, bended both sides, and supported on three carriages of white pine. The 
opening 00 cabin deck guarded with a railing of brass tubing Of the design us 
shown on the drawings. Stair entrances to huve panelled doers hung with brass 
butt hinges, and to be of the size as shown on the drawings. 

Sh'f.i. To be three [pairs, A feet, wide, two pairs 'I feet wide, :md one 
pair at side of engine room, all placed and of the number of steps as shown 
on the drawings. Treads to be of oak, each pair with two carriages formed of 
3 inch by 'A inch by ] inch angle iron, set with the bosom of bars together ami 
connected with short angle bars of same size with the bosom up, rivet ted to 
carriages to receive the treads, and the treads screwbolted to same with button- 
head bolts of i inch iron. 

Ratting, — To be one of gas pipe, and of the design as shown on the 
drawings, extending from entrance to main stairs of cabin around the open part of 
hull in engine room all boiled to main deck. 

ir? CttinjHtiiiiwnl. — To in' constructed where shown OB (In* drawings, the 
inside walls lined with tongue and grooved yellow pine flooring and covered 
with No. ±i galvanized iron, outside walls covered with tongue and groove white 
[tine flooring, the space between wall tilled with charcoal, the under side of carlioes 
ceiled with tongue and groove white pine flooring, and the space between carlillM 
and ceiling to tie tilled with charcoal, to have two doors, each in two sections ami 
each section tilled with charcoal, and the interior arranged as per details furnished, 
and to be drained with a 2-inoh gas pipe leading down and out. through hall under 
main deck. The deck in the bottom of ice compartment to be in the form of a 
pan, made of No. 12 galvanised iron, to be perfectly watertight, the edges of pan 
to project t) inches up on the sides all around, and the pan to be drained with a 
2-inch gas pipe leading down and out through hull under main deck. 

Crew's Water Clostis, — To be three in number placed as shown OH the 
drawings, of porcelain, each lilted Olll with Hush tanks of iron, ami all of the 
necessary traps, ventilating pipes and appurtenances to make a complete outfitting, 
each to be connected with and drain into a 1-inch gas pipe loading down and mil 
through hall under main deck, I'rinals to In- provided as shown on drawings. 

Crete' t Wash Ream, — To be fitted out with six porcelain-lined iron wash 
bowls erected on brackets, fitted up in sections with granite or marble lops. 
nickel-plated trimmings, hot and cold water connections, overflow pipes and iraps. 
ail connected with and drained into a 2|-im;h gas pipe leading duwn and »"' 
through hull under main deck. Hot water connections to be made with boilers am' 
cold water connections with a tank on cabin roof. The plumbing of closets aim 
wash room to lie done in the most workmanlike and sanitary manner, and tin' 
closets, bowls and urinals to tie of a design as mav be -elected or approved by ( '"' 
Engineer Officer in charge. 
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Tlu> auxiliary boiler in coal roots to be protected with threo angle burs 
3 inches by ii inches, 1'i lbs, per foot, set vertical, in the form of a triangle, 
ex I end hie, from deck to deck, and two short liars 5 Feet long, all as shown on 
the drawings, ami covered with j inch boiler iron to a height of 8 feet, with two 
doors opposite manholes of boiler. 

Bulkhead separating engine room from coal room to lie -hcathed with 
whiie-jiiiie planking i inches thick. Three sash of li lights each 10 inches by 12 
bieucs jjlass, to he placed in this l)iilkliead for light and ventilation. 

Spud Opemtut, — To lie an opening in the boiler deck for the operating 
Of a spud, placed, and of the size, as shown on the drawings. The frame lo 
consist of 'i inch by 7 inch yellow pine, projecting forward and aft. of lower 
linllJicad, fastened to boiler deck with button-head screw-bolts of \ inch iron, the 
-pace between carlines to be Sited down to -pud frame, the opening outside of 
linllJicad supported h\ tw<i stanchions and two brace- of li inch by ll inch yellow 
pine. The inside of opening to have iron roller- 3 inches in diameter set in cast 
troll journal boxes, and boxes screw bolted through sides of frame. 

Lockers in [lie machine shop and engine room to be supplied as may be 
indicated. 

Culiin. — Cii bin proper to be lit! feet long and '62 feet wide, with skylight 
in two sections as shown ou drawings on sheets No*. 1 and 2. 

The general dimensions of the cabin space and arrangement of the different 
compartment* lo lie as shown upon the same drawings. 

Mtili'ri'tl. — All lumber used in the construction is to be clear and thoroughly 
seasoned, dressed both sides and edges, mid of the size specified after being 
dressed. 

(inn nil tktmptiaii, Cabin clamps. 1J inch by " inches white pine: 
upper skylight clump, K inch by 8 inches white pine ; lower skylight clamp, 
Ij inch bv li inebc- white pine ; outside cabin stanchions, 1 inch by :U inched 
poplar : in-ide cabin stanchions. 1{ inch by o inches poplar : skylight stanchion*. 
I ', inch by ;! inehc- poplar : cabin incline-. I inch by 4 inches poplar : skylight 
carlines, li) inch by .'i inch poplar ; bulkhead -trips 1 inch by l.-J inch poplar, 
cabin plankshccr-, \ inch by '.'^ inches whir,, pine ; cabin panels t \ inch white 
pine ; cabin margins, J incli white pine : cabin tool' facing, I inch by -1 inches 
while [line ; cabin roof nosing, \ inch by I incites white pine ; skylight roof 
lacing, ; inch by j inches wbite pine : skylight roof nosing, <■ inch by 5 inches 
white pine ; waterway for root's, J inch by 2 inches white pine ; cabin and 
>ky light roofs, J inch tongood and grooved white pine, beaded on one side and 
double nailed to all carlines, and the edges; of projections finished with a waterway 
of the si/c as specified, Crown of cabin roof Id inches, and skylight roof to 
conform lo same. Height of cabin at top of outside, clamps, <) feet ; height of 
skylight at top of clamp*, 12 feet 1| inch; width between skylight clamps. 
I:! feet ; cabin carlines jpuced li! inclu- between centre- ; -kyli^ht carlines spaced 
It! inches between centre-. 
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The cabin to bo constructed according to the plana and of the materials 
described. All bulkheads to be of panels joined together with margins, and well 
nailed to the fiulkhoad strips. Cabin ceiling to be panelled, with an G moulding, 
car lines capped on the under side, a neat plain cornice tu extend the full length of 
skylights ; the cornice in the. main cabin to bo finished with a scroll bracket 
resting on plain pilasters on each side of doors. The rooms of miiin cabin to 
have transom sash on the inside as shown on the drawings, a line of transom and 
skylight sash on both sides of cabin as per drawings. 

Hoofs of skylight and cabin to be covered with IU-o/,. canvas duck 21) inches 
wide, " U, 8. Standard," well lapped on the edges, and tacked with 10-oz. tacks 
a hunt 1 inch to centres, and painted three Coats of white lead and yellow ochre 
ground in oil, mixed in proportion of 150 pounds of white lead to SO gallons of 
yellow ochre, and the last coat well sanded. < 'abin roof to have an opening at 
each end connected with cabin deck by a ladder affixed to cabin ; ami an opening 
with cover hung on hinges in line with spud. 

Guard railing as shown on drawings to extend all around cabin, composed of 
white pine slats or rails, rilling and cap, and 2-itich by 2-inch oak stanchions. 
Stanchions to extend from cabin roof down and through cabin deck, and the 
tenon pinned under deck. Suitable flag poles, substantially placed in position, to 
be furnished. 

Doort, — All to he of white pine l| inch thick, except the forward doors 
of main cabin, and tho after floors of after cabiu, which are to be I| inch thick ; 
all to be hung with hook pin butt hinges ; all inside doors to be panelled ; outside 
doors, lower parts panelled, upper parte -dx lights of glass each, except forward 
doors of mum cabin ami the after doors of after cabin, which are tu have nine 
lights of glass each ; all of the sizes as specified and placed ai shewn on drawings, 
and tilted oat as described hereinafter. 

filituh, — All of white [>inc l| Inch thick, hung to all outside doors and 
windows, except the Forward doors of main cabin and the after doors of niter 
cabin : furnished with all of the necessary fastenings, 

Window, transom and skylight sash to be of white pine J J inch thick. 
All transom sashes to be hung at the top with flat hull binges and filled oul with 
hooks and eyes for fastening to carlines. Skylight sash In fie hung at the bottom 
with Hat. butt lunges and operated with transom sash lifts. Window sush to be 
fitted out with clamp fastenings for raising and lowering, and ot a design as may 
fie selected or approved by the Engineer Officf* in charge. 

All glass used in the sash and doori to bo double strength " American," and 
of the sizes as shown on the drawing-. 

Tho different compartments to be fitted out as hereinafter described. 

Kitckm, — The floor to be sheathed with yellow pine, tongued and grooved, 
seasoned flooring of narrow widths, laid at right angles to the deck. 

To have a steal >ink of appropriate st/.e mid design to be selected or approved 
by the Engineer Officer in charge, fitted out with hot ami cold water connections. 
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and ti 2-inch gas pipe drain leading down and out under main (leek of hull : 

^helving two tier? high to be erected across the after bulkhead. Two ftoodcn 

tables are also to he furnished, erne 30 inches by 96 inches with oak ton, the other 
30 inches by GO inches, with an auk top and buth with a drawer. 

Pantry. — To bo fitted out with shelving three tiers hifih on two side- 
as shown on the drawings ; rind a steel sink, similar to tlutt in the kitchen, with 
hot and cold water connections and a 2-inch gas pipe drain leading down and out 
under main deck of hull. 

Laitn<ln/.- To he fitted out with porcelain-lined tubs in three sections 
supported on legs and placed as shown on the drawings, and to have hot. and cold 
water connections, with drain pipe* from each to a 2-inch gas pipe drain leading 
over and connecting with drain pipe from pantry, Tiiese tubs to be selected or 
unproved by the Engineer Officer in charge. 

Store Room.- To be Stted out with shelving three tiers high on three sides a- 
shown on the drawings, tin) lower shelf being sal three feet front cabin deck. 

t'.i.--tru Boom.— 'to lie fitted out with shelving two liers high on two sides. 
:i>. shown on the drawings, and funii-lied with a plain wooden table with poplar 
top. .lit inches by 54 inches, ami a drawer in same. 

Plumbing and Pipe Fitttnif. — There are tu be Iwo bath tub* placed us 
shown on the drawings, one to be 5£ feet long, the other ."> fed long, liotlt to be 
ndled rial porcelain-lined iron tubs, each Jilted nut with hot and cold water 
connections and overflow pipes, and with extra heavy nickel-plated braj$s lining.-, 
and drained a* hereinafter described. 

Wash bowls lo be of porcelain, marble tops, erected on brackets, furnished 
\\ith nickel-plated bra-- trimming*, titled out with hot and cold water connections 
and overflow pipes, and drained as hereinafter described. 

Water Closets.— To be of porcelain, each fitted out with flash tank- of 
iron, and all of the necessary appurtenances to make a complete onffiuing, and 
d rained as hereinafter described, All of the bath talis, wash howls, water closets 
and fittings to be of a design as may he selected or approved by the Engineer 
< I Hirer in charge. 

Drainage.— "Wa*b howls and bath tubs to lie drained down and out under 
main deck of hall by li-inch gas pipes. Water closets to connect with I-iuch 
gas pipe leading down and out under main deck of hull. 

Wash howls, hath tubs and clo-ds all to b.- proprly trapped and the plumb- 
ing throughout to be done in the mo-t workmanlike and sanitary manner, ami 
anything ueee--ary to make ihe plumbing complete, and not hereinbefore specified 

i> io he furaUhed by tie* contractor without additional expense t» the Government, 

Connections.— All cold water connections are to be made with three ranks 
Of J-inch boiler iron, each of 2,¥> gallon* capacity. Each tank to be connected 
with donkey pump in (he engine room, Tanks to be located on the port side 
directly over flic cabin clamps, one forward, one over the centre between pnntrv 
and laundry, and the other a I a point direct! v over the crew's witter closet. 

2D 
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All hot water connection!* to lie made with the boiler* ami so arranged that 
water may ho obtained from either battery or the auxiliary boiler. 

Two stand j>i[*cs s$| inches in diameter, one on each side near midships, extend- 
ing from main deck through roof and connected with the tire pump to bo supplied. 
These pipes to he provided with brass globe valve hose connections for 2i-iuch 
hose on each deck and on the roof. 

Furnishings. — The two forward rooms to be furnished eaeh with a marble 
lop dressing ease, with mirror, (wo ehairs an iron bedstead of neat design with 
wire mattress for -same, ami movable locker. Other with two chairs, a rolling top 
office desk \\ feet wide of ' ■■ Tyler" make, or its eipiai, and a swivel arm chair. 
Bach of the other rooms in the forward cabin to be furnished with one chair, a 
locker, bureau, with three drawers, a looking ^lass, a two-story iron bedstead pni 
together with malleable iron lifting-, and two wire mattresses for each bedstead. 

Dining hall of main cabin to be furnished with two substantial extension 
laliles of cherry, each In feet long mid 3£ feet wide, with ~2i\ heavv ilining ehairs 

to match tables. The alter dining hall In have two extension tables of oak, one 
',l feet long aoil ;i I'eet wide, mid the other 14 d'ci long and ;> feet wide : and !.s 
lieavv oak arm chair*. Sleeping room of after cabin to be furnished with 111 ivtu 
Story iron bedsteads, l\ feet 3 inches by 2 feel I* Inches, put together with malleable 
iron lilting-, with two wire mattresses for each bedstead. The stanchions that 
support skylight damps in sleeping rooms to be of 2|-iueh galvanized iron gas 
pipe with (lunges at top ami bottom. 

An oak refrigerator not less than 5 feet wide and .'iO inches deep, with n 
-eparate compartment for tee on top, to !»• famished, The floors of all rooms in 
the forward cabin and hall to be covered with best quality of linoleum. 

All of i be above furnishings to !*> of such design and quality as may be 
selected or approved by the Engineer Officer in charge. 

Store.*. — There is to be furnished a wrought -iron range for the kitchen, 
one heating stove for forward cabin hall, one for after dining hall, one for sleep- 
ing room for crew, ami a laundry stove for laundry ; all to be set up with the 
neoeSSftry pipe, and of such si/e ami design as may be selected or approved by I he 
Engineer Officer in charge. Hoof flange- for store pipes to be of the design ; ( s 
is used on river steamers, made of galvanized iron No. ±1, and at the intersections 
of pipes with roof ; the openings are to be encased with a casing projecting below 
to a depth of carlines ; main hall roof easing to be of neat design, the other plain, 

Tiiiiihiii. —All down spouts and scuppers are to be of No. -- galvanized iron : 
to bo six eaeli side from skylight roof to cabin roof : to be six each side of cabin 
roof to cabin deck, '2 inches diameter j six swinging scuppers each side of cabin 
deck lo throw overboard, 'A inches diameter. 

l!nrdn;tr<-. — Hinges for ail doors to be brass hook pin bntt.s ; for transom 
and skylight sash flat brass butts ; doors to be fitted oat with bronze knobs, 
brass locks of good quality, and key- ; mid all of the necessary hooks, eye> 
and button* to make complete fastenings ■ each room in forward cabin to be 
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furnished with six hat hooks and six coat hooks each. Windows to he raised ami 
lowered with sash clamps and locks : iransntn su-h lift* and sash damps to ho of a 
design as may he selected by the Engineer Officer in charge, 

■S'te///* Hattijtoi'i. Steam radiator- of proper design and capacity tu Ij,, 
placed, one ill each of the forward rooms and two in the furwanl cabin hall, all 
properly connected with boilers and fitted out with all of the neee— urv- appurten- 
ance- to make complete fitting, a -d to hi' of a design as may be selected or 
approved by the Engineer Officer in charge. 

Pat 'til '/' iot. — All colours to ho made of pure white lead and lioilcd linseed oil, 
unless otherwise specified. Flat colours do not embrace any linseed oil. 

The interior of forward cabin, hull and rooms to he painted one coat of 
shellac, three coats uf flat Colours and one coat of BlllC glass. The after cabin, the 
outside of cabin a id skylight, the tuidersitU of cabin and skylight roof projection 
and the guard railing, all to he painted four coat* of pore white lead and boiled 
linseed oil ; all knots to receive a coat of shellac, all nail heads puttied ; the deck 
out-ide of cabin tu be painted three coats of a light lead colour, 

lite interior ami exterior of lower deck huit-e and stairs, the underside of 
cabin deck and projections, to receive three coats of paint us may be selected. The 
Dame of the dredge and other lettering required in he done as directed. 

Wvrkfko}) ami Murium' loott. — A workshop to be fitted up on hoard ami 
provided with the following machine ami other tools, all to he selected or approved 
hv the Engineer Office* in charge, 

(hie 20-inch sn-tu«r screw cutting slide lathe with compound rest and 
rod feed. Bed, 14 feet long. Latin? to be provided with full .sot of change gears, 
large and email face plate*, one 18-inuh four-jaw chuck, one It-inch three-jaw 
chuck, steady and follow tug rest*, The tail stock to have set-over for turning taper. 

One 24 or i.Vimdi -wing vertical drill press with back gear ami power feed, 
with quick return motion. 

One l.j-iueh crank diaper with swivel vi-c 

One bolt and pipe cutter, to cut holts from i-iuc|: Up to i inches diameter, 
ami pipes from [-inch up to 3 inches ; with a full set of both bolt and pipe die- 
and of machine taps front i-ineh to 1 inches. 

One set of pipe laps from J -inch up to t^ inche-. 

Three pipe cutters. Xos. 1. i and ii. to cut pipe from .[-inch to d inches 
diameter. One hlacluroith's forge, not le& tbm U ■■ 30 inches, with hood and 
necessary smoke pipe*, fixed ill place. 

One fan blower not less than ii-inch outlet withbia-t gate and pipe connected 
to forge. 

One (nir table forge without hood, not less than 20 x 24 inches, 

One anvil, weight. 20i> IU. 

One pipe vise, hinged, to take pipe up to ;s inched diameter, 

One full -et, of pipe long-, Brown'- adjustable tongs up lo ;'. inches, ami chain 
tones above 3 inches, 



( 308 > 

Two machinists' parallel vt-i.-s ; one 1 \-iucli jaw- ami I bo oilier ."ii-incb jaws. 

Hammers— -One stodge, 11 lbs. : one sledge, 10 lbs. : one blacksmiths' hand 
hammer, 2 lbs.; two machinists' hand hummers, I[ and 1 J lbs., one copper or 
rawhide hammer, 

A full set of blacksmiths' tonga and tools. 

Twelve machinists' chisels of different sues. 

A lull set of adjustable and solid wrenches, lor all the machinery on board. 

The workshop is to be lit Led up with bench, lockers and tool racks. 

Workshop Engine, — An engine, 7-ineh cylinder, i> or 10-inch stroke, must 
be provided for driving the shop tools, and must he furnished with steam from 
both main and auxiliary boiler?. A main line of shafting and nil machine 
countershafts, with all pulleys, hangers and belts, roast be supplied and fitted in 
place in complete running order. 

Bidders are to understand that mull eases throughout these - pacifications 
where machinery, articles or material af any hind are to be .selected or approved 
hv the Engineer Officer in charge, only such as are in his judgment the best to be 
found in the market, mid the most durable and appropriate for the purpose 
for which fcbey arc intended, will be approved. It is not intended to incut' 
expeuses in the purchase of flim-v articles of little or no value or endurance, or 
articles uselessly ornamented and Inappropriate to the work to be done. 

Material ami Workmanship. — The best quality of materials and workman- 
ship will be required in each and every part of the work to be done under these 
specifications, and no advantage shall be taken of any phraseology, error or omis- 
sion which would seem to justify other than those. Full information will be given 
upon any point where doubt may arise. 

Character of Material. — All plate- and angle- to be used in the work 
under this contract, unless otherwise specified, will he of low steel, 55,000 Id 
62,000 lbs. ultimate tensile strength per square inch, (da-tic limit one-half Of the 
ultimate strength, minimum elongation of 2o' per cent, in S inches, and minimum 
reduction of area at fracture of 50 per cent. These tests will be made at. the mill 
from the steel of each heat, by inspectors designated by the Engineer Officer in 

charge, and certified report* thereof transmitted to him. In addition to the above 
lots, partiallv cut hut not detached test pieces about 2 inches wide and 10 to I- 
inehes long mu-t be furnished, with at least two sheets ou.1 of the lot rolled trom 
each heat : ami tc-l- thereof will be made hv bending the metal back upon itaell 
immediately utter chilling from a cherry heat by plunging into eold water. A\ hen 
so treated the steel nui-t -how no sign of fracture on the outside of the bent 
portion. In gauging the thickness, measurements will be made at each corner 
and at different points throughout the area. A variation of more than 2 A pe 1 ' 
cent, above or below the specified thickness will cause plates to be rejected. 
Facilities must be furnished the inspector hv the manufacturers for making tfiete 
tests, theVost of which will be borne by the contractor. The rivet* to lie of soli 
•teel, not more than 61,000 lbs, nor teas than 55,000 lb-, ultimate tenacity, with 
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an elastic limit of not less than 84,000 lbs,, und a ductility ul' nut less than $ti 
put cent, in Men diameters, ami must be capable of bending double flat without a 
sign of fracture on tin: convex side of tin 1 bead. 

Inspection.— Inspectors, will bo appointed by Ube Bugtaeec Officer in charge 
to inspect, at the simp- ami on tin- dredge daring tin- process of Bonstrac* 
tion, the material furnished ami tin' work done, ami s« thai the same conforms 
strictly to specifications ami requirements of tin? contract. Tin.- contractor must 
at all times give the inspectors free access to* the material and work) and afford 
every facility for their inspections. The decision of the Engineer Officer in 
charge upon all questions arising under these specifications shall be final, and by 
-hall have the right to requite the immediate removal, at any rime, of anv 
employee of the contractor found incompetent or otherwise objectionable, 

//(Kj/fi't'»'.t E.mitiitttitioii. — Before beginning the lesis, the inspectors an- 
pointed by the United States Engineer Officer in charge shall go ovar tin- 
dredge and plan) carefully, to determine whether everything called for in the 
contract hi- been provided and is In proper working condition. No test shrill 
begin until even thing lacking shall have been Supplied. 

imperfect Work. — Any unfaithful or imperfect work, or defective or 
improper material, that may lie discovered before the final acceptance of the 
dredge, shall he corrected immediately. The inspection of the work ami material 
during the proee-s of construction -halt nut relieve the contractor of any of his 
obligation!! to perforin good work and furnish good material as herein specified. 

Cotitntetor* 't'rut.— Prior to the commencement of the general efficiency 
test, llie contractor shall satisfy himself of the proper operation of the dredge 
and of the sufficiency of each and every part, by raising steam to the allowed 
limit and working each an 1 every part as it is intended wheu the dredge i? in 
full operation. 

iiJivUliCi/ T/hIk. Before the di'edgi- t- li.Ti'pled a general efficiency te-l 
will he made, extending over a period ul' ten days of it hours each, ami 
the result of which will be determined by the percentage of lost time due to 
defects of the machinery when compared with tie- actual lime available for 
dredging. The test will be made under the ordinary eutiditiotis of actual every- 
day work, and for tbi- purpose tb<* dredge shall be run to its full capacity ami 
shall deliver it- material through the full length of 300 feet of discharge pip,.. 
The movements Of the dredge and tin' selection of places where dredge is to be 

placed ahull b» entirely under control of the Engineer Officer in charge or hU 
appointed agent-. When the contractor is prepared to make the test, he shall 
notify the United State- Engineer Officer in charge to thai effect, and shall then 
band over the dredge to the United States agent- appointed to take charge. The 
tests will be made by the officers and crew selected by the Engineer Officer in 
charge, due consideration being given to any recommendations of the contractor 
a- to competent employees, and at the c\pen-e of the I'nitel States Ooverrimcii'. 
The contractor or hi* representatives may b* present at all tcsK ami a copy of 
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nil records of tests shall be furnished liim on application. An accurate log will 
be kept of all the operations of the dredge, recording the times ui which the pump 
is stopped or started and a statement of* the utilise of each stoppage, from whatever 
source it BKW arise. All Sundays au.l holidays, time taken in towing anil 
mooring, time lost in moving out of position for passing vessels ami 'jack again, 
shall he deducted from the ten days and the balance considered as "available 
dredging lime. " which shall form the basis for determining the percentage of 
" lost time." due to stoppage of any part of the machinery or plant wliic'i is the 
subject of the contract. The " lost time," taken during the whole period of ten 
days of 21 hours each, shall not exceed twelve per cent, of the "available 
dredging time," In ea-e tbi> limit is exceeded, the dredge will be returned 
to the contractor ami the cosl of tlie efficiency test* previously made will 
be deducted from any sums due or lo become due the Contractor. When the 
contractor notifies the Engineer Officer in charge that he has rente lied the defects, 
and is ready to commence new tots, the (J red go "ill be returned to the Uuvernnteui 
u^eut atM a second series of efficiency teit-i proceeded with in the satic manner. 
[t is to be understood lint no repair* -hall be made on Sun Lays or at times when 
the dredge i- eon-Men- 1 to be not at work, excepting -itch thing- a-i are ordinarily 
done at that lime to keep tlie machinery in proper working order, as washing mil 
boiler-, packing stuffing boxes, tightening joints, -tripping brasses, etc, All the 
co^t of repairs during the efficiency te-ts sliall be home by the contractor. 

lint tWO series of efficiency tcstd may be made. Should the dredge finally 
fail lo meet the contract requirements, the right is reserved to either reject 
il or to accept it at -uch reduction in price a- the Engineer Officer in charge, with 
the approval of the Chief of Engineers, L". 3, Army, may Hud necessary in order 
to reimburse the Unite 1 State- for all damages sustained by reason of said failure, 
including the cost of all te-ts and the cost of remodelling the dredge -o that it 
-ball meet the eenlract requirements. 

For each and every day"- delay in the deliver) of the dredge beyond 
the lime specified for this in the contract, there filial i be deducted from the contract 
price id' the dredge, as liquidated damages, the Slim of one hundred and lift) 
dollars : provided that tins delay be not caused by fre-hei-. or ice or other force 01! 
violence of the elements, which ordinary foresight on the pari of the contractor 
eould not provide again-t. 

Krftitiniiiniif Oiul Correction. — Any doubi a- to the moaning of these 
specifications or any drawings or explanation- that may be furnished the contractor, 
or any obscurity in the wording o! them, will be explained by the Engineer Oflieei 
in charge, who shall hive the right to correct any error- or omissions in them, 
when such correction is necessary for the proper fulfilment of their intention. 

E.rtra Work. — >Nd claim for extra work or material, or for delay* of 
any kind, will be considered or paid for unless an agreement therefor shall he 
made in writing and approved by the Chief of Engineer-, l*. S, Army. The 
contract price is to be full compensation I'm furnishing all materials, labour an I 
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appliances necessary for doing all the wml and famishing tho dredge herein 
specified. 

PorJ e/' Delivery. — The dredge 10 he delivered at Cairo, I)]., or St, Louis, 
Mo., at the option of the contractor. 

Time <>}' Detivety. — The dredge and all its Appliances ami appurtenances 
must lie completed in nil and every part, and handed orer to the Engineer Officer 
in charge for test, within six months From the date of notification of approval 
nf contract. It" there lie no delay mused by detective or imperfect machinery 
developed during efficiency tost rendering necessary a second series, the date of 
the commencement of this test will be considered as that of the delivery of the 
dredge. Should there be delays from the eau-es a hove mentioned, rendering 
necessary a second series of efficiency tests, the date of delivery will he taken :i< 
ihat on which the dredge i- turned over to the Engineer Officer in charge for the 
new ie>r<. 

hit, i-j<f,tiiii»n <>/ Termt, — In case "f any disagreement concerning the inter- 
pretation id' the provi-inn- of these specifications the decision of ihe United 
States Engineer Officer in charge shall be binding. 

Pat&itt. - The contractor -hall guarantee the Government again-t any claims 
or awards tor damage on account of infringement of patented devices, which he 
-hall furnish In the dredge, at hi- own option. 

(WW«*ts, cfe, — All necessary adjuncts, parts OT attachments properly 
forming a part nf the dredge, and requisite I'm- i)i» proper and efficient working 
of iho machinery, shall be understood to be included in these specifications, 
whether mentioned herein or net, and -hall he supplied ley the contractor as form* 
iug part of the Contract. And it shall he further understood that, notwithstanding 
1 he general drawings are furnished hy the United States, the contractor shall lie 
responsible for the strength an 1 efficiency of all details, except in cases where 
special materials, dimensions an! arrangements are specified, ami full detailed 
drawings of construction are provided. 

st. uriB, .Mo., | Tints. 11. iLWhnriiv, 

Kelt, oili l^i/7. ) Mitj"i\ Cer/w »/ Engineer*, V, §. .1. 
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SPECIFICATION 

FuR COStSTKUCTiSC AND DELIVERING; 

THREE STEEL-HULLED STEAM TENDERS. 
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Hull,— Length from boarding line of stem to main transom shall be one, 
hundred feet; length from bearding line of stem to splash bulkhead shall lie 
one hundred and two feel ; width on floor in straight body, twenty-two and 
one-half feet; width on dock over frames straight body, twenty-four feet; width 
nii deck over nosings straight body, nboui twenty-five feet; depth of hold .-it sides 
at lowest point over frames, four and one-fourth (pet ; crown of deck, tbtir 
inches; sheer forward, one and three-fourths feet; sheer aft at main transom, six 
inches; radios of knuckle, six inches; the plating far knuckle ; l)t( j k C(? ] g ij a r{ 
be five-sixteenths inch thick; the plating for sides ami bottom shall be one-fourth 
inch thick; the plating for deck and bulkheads shall bo throe-sixteenths inch 
thick ; the frames shall be spaced eighteen inches, centre;!, sides and floors of 
angles three and one-half inches by two and one-half inches by five-sixteenths 
inch, deck beam- of channels four inches deep by live and one-fourth pounds per 
foot. The bull shall have bog and other chains and all other appurtenances required 
as shall hereinafter be speei tied more particularly. 

Boiler*— There shall be one boiler of the Mississippi Uiver type, twenty-four 
feet loo<r, forty-two inches inside diameter, with two fines eleven inches and 
two lloes nine and one-hall' inch.'-. Shell and flues tlurty-one-lnindredths inch 
thick of best Marine Steel, >ixtv-h'vc thousand pound* tensile strength per 
square inch, with all appurtenances required as hereinafter specified. 

EiigiMt and Machinery.— -There (hall be two main engines each with cylin- 
der twelve inehes diameter by five (>-fi stroke with balance poppet valves, expan- 
sion Joints and adjustable inside connected cut-off, " California, " or other 
approved type, engines for two si cam capstans and one feed pump, all suitable 
tn work satisfactorily with pressure <»l strain not exceeding two hundred pounds 
per square inch above atmosphere. The wheel shall he thirteen feet diameter 
over buckets by seventeen feel in length and twenty-eight inches width of 
buckets. 

Dick Houh and Upper Works,— The deck house shall extend from rear of 
forecastle to splosh bulkhead and will bs ohoul BightjMaine feet long, divided 
into boiler room, coal room deck, room and engine room. It shall be nine feet 
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high and twenty- four feet wide. The pilot house shall be located over the 
forward end of the deck house ten feet fore and aft, and eleven feet wide by 
seven feet high in the clear ahovc the deck house roof. Tins general description 
gives in outline the work to he done in building these tenders of the best 
materials and in the most workmanlike manner, and as hereinafter more particular- 
ly doscribed. 

SPECIFICATION* IX DETAIL. 

Framing* — The hull shall be built upon transverse and longitudinal sys- 
tems of framing. The former shall comprise (lie transverse frames and bulkhead?, 
while the latter shall comprise Hie keel, keelsons, stringers, longitudinal bulkhead, 
stem ami stern posts, and in both systems each item named includes all the appur- 
tenances required or necessary to complete it. 

Trannrersii Fmmlnij, — A transverse frame shall comprise a floor, two rides 
and a deck beam with the outriggers, gusset-, clips, and all other connections speci- 
fied or required to complete it. 

There shall be sixty-seven transverse frames, numbered 1 to $3 inclusive 
for reference, No. 1 being twelve inches and No. i\ seven feet From the 
bearding line of stem, and No. (J7 eighteen inches forward of tin- uiain 
transom. The sides and floors of each frame shall be of three and one- 
half by two and one-half by five-sixteenths inch angle bars, long leg gel 
vertical and composed of two lengths of bar each extending from centre line 
of keel plate to top of side. The sides of frames No. 1 to No. It, inclusive, shrill 
abut on the stem and be securely connected thereto and to each other and shall 
be spaced as shown. All frames aft of No. ti shall be spaced eighteen inches 
between centres, and shall have their floors -pi iced over the keel plate by butt 
straps of three and one-half by two and one-half by five-sixteenths inch angle 
bar, long enough to extend beyond the first keelson on each side, reversed with 
the long leg vortical and well ri vetted. 

The deck beams shall be of four ineh channels, live and one-fourth pounds 
per foot, one to each frame to the -tiles 1.4 which it shall be connected by gusset 
plate securely rivettod, and supported bv stanchions of two inches by two in< be- 
by three-sixteenths inch Angles, six under each beam placed under the deck 
stringers ri vetted at top and bottom. 

7V(iM*'HH*.— There shall he a main transom constructed of a web of 0110- 
half inch steel plate shaped to fit the crown of the deck and rake, and shall 

have an^le bars three inches by tin inches by live--i\teejiths inch rivet led 

to top and bottom edgSS on forward side to receive plating. There shall al-o be 
a false transom of seven inch channel bar connected between cylinder tim tiers 
nnd connected to main tran-c>in by one-fourth inch gU&tet plates and three 
ineh angle clips, spaced about three feel apart BOOS to form openings fin" rudder 
posts. 



( 315 ) 

Stt-m.— The stem shall be >nvik ol' I vertical steel plate one-half inch thick 
ami twenty laches wide at the top, with a cheek piece of steel on each side 
eight inclas wide ami three-fourths inch thick, making the face of stem two 
inches broad. Below shall be a i\:mge apron ten inches wide upon the floor 
varying in thickness from one-half to three and one half inches. It must scarf 
»p into and termini''- the above \ ; C«8 of the stem, itself terminating at frame 
No. 7, The stein plate shall lie connected to the deck plating and to all frames 
intersecting it by means id' angle clips and gusset plates. All as shown on 
the drawings, A sheet of copper three and one-half inches wide and one- 
ftightb inch thick -led I be secured on each side of the stem under the hull 
plating. 

Krrhaits. — The main keelson shall he of double angles two and one- 
half inches by two and one-half inches hi* one-fourth inch, back to hack, 
inclining the plating of main keelson bulkhead, of whieh they form a part. 
Th.- angles -hall 1«- in long lengths, break joints, and be connected by butt 
straps of ihc same. 

Knuckle keelsons, one oil each Side, shall be of angles four inches by sis 
inches hy three-eighths inch long leg vertical, in long lengths and joints secured 
by butt straps of the same sized angles as those joined, and in lengths to cover 
at least three frames, to winch ibey shall he connected by angle clips of the 
game size and thickness. 

I tilier keelsons or floor strnkes shall be three each side of main keelson 
dividing the space between main and knuckle keelsons into four equal or nearly 
equal partes as shown. These keelsons shall he of angles three and one-half inches 
hy two and one-half inches by one-fourth inch in long lengths with joints secured 
by hint straps of the Sam*- All keelson* shall he securely rivetted to frames by 
angle clips. 

Boiler Brants.— .There shall be two sets of boiler beams each composed 
of three four inch channel bars, weighing Ave and one-fourth pounds per foot, 
spaced and located as shown. 

SI n' ilia- r.<. -There shall he n deck stringer over each keelson and floor 
Stroke and two side stringers on each side, all of angle bars three and one-half 
inches by two and one-half inches by one-fourth inch, except the central one. 
The central deck stringer shall he formed same as the main keelson of the angles 
doubled, two and one-half Ly two and one-half hy one quarter inch, placed 
back to back with the hulkhead web between. All stringers shall he joined 
by bait strops Of angles of the same size and thickness, long enough to cover 
three frames, and shall he securely riwtied to frames by means of angle clips. 

Bread J/.**.— Tla- broad hoot -hall he of angle bars four inches by six 
inches by three-eighths inch and extend ten feet on each side of stem. The 
short leg shall set vertical and the hreast hook shall he securely rivetted to each 
frame hy means of angle dip*, and shall he stiffened by two stretchers each 
Of one-half inch plate, and with angles three inches hy live luches by one-fourth 
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inch. The forward stretcher plate shrill he twelve inches wide to receive heels 
of bitts, and the nfi stretcher plate shall be six inches wide 

Bulkhmtis.— There shall be four cross and one main keelson hulkhead, all of 
three-sixteenths inch plate stiffened on opposite side* by diagonal braces of 
angle ban two and one-half inches by two and one-half inches by one-fourth 
inch. The cross bulkheads shall he made thoroughly water-tight, using inter- 
costal plates wherever required to secure complete connection from plating 
of deck to that of bottom, The main keelson bulkhead will not be required 
to bo water-tight but shall he well fitted, metal to metal, and iutereostalled 
under the deck plating and over bottom plating, wilh limber holes in the bottom 

intereostals. 

The forward cross bulkhead shall lie located upon cross frame No. 13. No. ± 
shall he on frame No. 28 ; No. 3 on frame No. 44 ; No. 4 on frame No. CO, They 
shall extend from side to side and from bottom plating to deek plating and shall 
be continuous except that they shall be worked intercostal with all floor strokes, 
side and deck stringers. 

The longitudinal bulkhead shall extend centrally through the boat over main 
keelson from a point Jour and one-half feet iorward of the forward cross 
bulkhead to the main transom fitted metal to metal throughout, with intereostals 
its entire length. It shall be worked intercostal with the cross bulkheads and a 
man-holo shall be made in it above keelson in each compartment between cross 
bulkheads. The longitudinal bulkhead shall he enrried out lo the stem in 
the shape of an 1 beam twelve inches high, using the same sized angles of 
longitudinal bulkhead to form the flanges. 

All bulkheads shall be Stiffened throughout hv diagonal braces on both sides 
of ] dating funned of two and one-half by two and one-half by one-fourth inch 
angles, 

Plat) i> jf. — The [dating for the keel mid knuckle -ball he (Ive-sixteeiiths 
inches thick. The plating of the sides, bottom ami all gussets shall be one- 
fourth inch, and for deck and bulkheads three-sixteenths inch thick. 

The thickness of all butt straps for dock plating and bulkhead plating 
shall he one-sixteenth inch greater than that of the thicker of the pl&tea 
connected. 

Outside plating of hull shall not he less than ten frame spaces in length. 
Longitudinal seams may be lapped, transverse -cams must be butted. The buttfl 

of adjoining st rakes shall have a shift of not less than two frill -maces, and 

those of alternate strakes a shift of not foj£ than One frame g| , 

The butts of all outside plating shall be planed or chipped lair and fitted 
close, metal to metal, and all shearing shall be done from the faying surface ot 
plates. The butts of bottom platen shall be treble rivetted and have single butt 
atraps ten and five-eighths inches widu aud one-eighth inch thicker than the 
plates which they connect. The butts of side plates shall be double rivetted 
and have single butt straps seven and one-fourth inches wide, and one-eighth 
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inch thicker than tlic plates which they Connect. All butt strips shall bo 
in ntii- piece ami entirely cover the seams over which tln-v arc fitted. The 
fibre of double and treble rivetted butt straps most be in the some direction us the 
plates to whieh they sire secured. All longitudinal seams of outside plating shall 
!"■ single civetted lap two inches wide. Solid liners in one length shall be 
fitted ;it every frame, between frames and outside st rakes of outside plating. 
Liners shall be the width of the flange of the frame to whieh they are fitted, and 
shnll be carefully fitted su as to till the entire space between the edges of the inside 
strokes. All butt straps shall be on inside of hull, and till outside plating rivets 
shall be counter-; link on outside. All seams intended to be water-tight must ba 
thoroughly oaalked, 

The deck [dating shall be three-sixteenths inch thick. All seams shall be 
double rivetted, butt jointed, with single straps on under side seven and one- 
fonrlh incites wide and one-six teenth inch thicker than the plates they connect, 
with rivets countersunk into deck plate. The deek shall be further stiffened 
or supported from below at points earning the heels of stanchions, heels of 
brace*, or machinery ; also til the points of attachments of capstans, Umber- 
heads, chocks, kevels, snatch-blocks, and guys. 

The hull shnll be divided into five water-tight compartments by athwart- 
ship bulkheads, us shown on drawings. Bulkheads shall be three-sixteenths 
inch thick, OH each aide, stiffened with two ami one-half inches by two and one- 
half inches by one-fourth inch angle bars, and butt jointed with rivetted seams. 
Tin' intercostal* for sill bulkheads shall be of pressed plates one-fourth inch 
thick. All holes cut in bulkheads shall be efficiently compensated where 
necessary, and made thoroughly water-tight. 

ttivdling,*- the rivets shall be of soft steel and five-eighths inch diameter 
throughout the hull, exeept where otherwise specified or noted on drawings, 
or where the nature of the work mpdres a different size. The rivets in 
seams or laps of out-ide plating shall be spaced longitudinall/ not more than two 
and one-half inches, centre to centre. And rivet, in seams or laps of all 
internal water-light work shall be spaced not more than two and three-fourths 
inches centres. All doable ri vetting, including butts, shall he chain fashion, 
except where otherwise noted on drawings, the distance from centre to centre 
between the rows to be one and five-eighth inches, No rivet shall be nearer 
the seam, buit. or edge of plate or angle bar, than its diameter. .Spacing 
Of rivets in beam knees shall be from two ami three-fourths inches to three 

ami i -eighth inches centres, but no beam kl "hall be secured to its frame 

Or beam with less than four nveK Riveta for securing outside plating to 
floors and frames, stiffening angle bars to bulkheads, and all work where angle 
bars du not require to be caulked, shall bo spaced not more than five inches 
centres. Rivet boles shall be regularly spaced and punched from faying surfaces 
and shall be opposite each other in adjoining surfaces. Heavy drifting shall not 
be resorted to. IIolus not punched fair shall be drilled or reamed fair and a size 
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of rivet to fill the hole shall he used. Conntersinks shall be not tens hi depth (ban 
throe-fourths the thickness of plate or angle bar countersunk. Rivets to 
completely fill their respective holes, and the beads shall he laid ap in outside 
plating and all other water-tight work; the points of civets when finished to 
completely fili the countersinks and be slightly coaves or flush with their respective 
1 1 lutes or single burs. 

Chocks.— Four sets of wrougltt-iroii doable sheaved side chocks and a 
centre chock with four sheaves, all of five-eighths inch and seven inches iron, and 
famished with turned east-iron sheaves, six inches diameter and three and 
one-half inches thick, shall he provided and placed as shown on drawings, and 
ri vetted to the ton plate and fastened with hntton head sheave holts, from tup 
of cap of chocks to top plate of head hlock, one and one-half inches diameter, 
ami through hlock one and one-fourth inches diameter, with nut and (dale 
attachments. The corners of all chock plates to he neatly rounded wherever they 
may come in contact with the lines. 

Bills. — The bitts shall be of black locust eight incites by eight inches, 
[placed as shown on drawings. The timber heads 9B»tl pass through the deck 
and heel in a shoe of three inches l»y three incites by live-sixteenths inch angle 
bar or forward breast honk stretcher, as shown and required. The deck around 
the opening for the bitts shall be reinforced with three inch by three inch by 
one-fourth angles. 

Stuck Knt't'S.— There shall be four sets of stack knees placed us shown on 
drawings, and each made of three-si m eent lis inch steel plate, with edges capped 
by angle bars two and one-halt' inches by two and one-half inches by ona- 
fourth inch. Two angles three inches by three inches by one-fourth inch shall 
bo rivet ted to the face of each set of knees to receive an oak backing piece sk 
inches by eight inches bolted through the face plate, and shall have swinging 
fenders of oak five inches by twelve inches hung a- required, Each set of 
stack knees shall have four feet face on deck line, and he three feet high. 

Kiwis. — There shall he fourteen kevekt of steel castings, of which twelve 

shall 1)0 seven inches by seven inches by tiuir fed and two seven inches hv seven 
inches by five feet. All should he of approved pattern and placed as shown on 
drawings. The four side kevels at the after capstan shall be provided with 
sheaves similar to those of the chocks as shown. 

If fad BhtoL— There shall he a head hlock in the form of a box beam 
made of two ten inch channel hars, twenty pounds per foot, with channels 
reversed and with a three-eights inch by eight and one-half inches steel 
plate on top and bottom rivetted through flanges of channels, extending 
across the head and about -even feet aft the centre of stack knees on both sides, 
then curving down and meinbering with a seven inch channel bar nine and three- 
fourths pounds per foot, ami continuing back to its intersection with the hsdl. 
The head block shall be securely fastened to the -(cm with three-fourths inch 
bolts and angle clips four inches by three inches by five-sixteenths inch. 
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The front filling of channel bar shall be of oak two and one-halt' inches 
by ten inches bolted through at top and bottom with one-half inch bolta tn receive 

ilif nosing. The after side oi' the head block shall have a three inch by three 
inch by one-fourth inch angle extending around from side to side to receive the 
deck plating. 

(iiiininji-rK,- The on trigger? shall be made el one-hall' inch steel plate 
for a web, with three inches by three inches by one-fourth inch angles at each 
side at top and bottom edges and shall be connected to hull plating by gusset 
plates, mni to head block by angle clips as required. The underside of forecastle 
guards shall be sheathed with one inch yellow pine hoards well secured to 
oak pieces I wo inches thick, bolted to unl riggers, with one-half inch screw 
i 10 lis. 

{•\tntath.— There shall lie a I'alllail on each side of the wheel aft of 
main transom. Each shall bfl formed oi' two seven inch channels, nine 
and three-fourths pounds per tout, rivetted back to back connecting with the 
cylinder timbers afl of wheel, the outside piece extending forward six feet 
on the side u f the hull, and rivetted to the same. The inside piece shall abut 
against the main transom, and be connected to the same by angle clips. 
The connection with the cylinder beams shall be secured by one-half inch 
Steel plates on top and bottom side-. The running piece shall also be of seven 
inch channel, nine and three-fourths pounds per foot, with back of channel to 
pitman port connected at both ends by angle clips, and the space between 
running and outside pieces shall be tilled with three inches by two inches by 
one-fourth inch angles, twenty-four inches pitch well connected to channels to 

receive the deck plating. 

Cylinder Beam*. The cylinder beams shall be of fifteen inch 1 beams, 
fifty pounds per foot, shaped at the bottom to conform to the deck sheet. 
The long cylinder beams shall he connected to main transom by means of six inch 
by six inch by one-half inch angle clips. 

The cylinder beams s hall be connected with a pun of three-sixteenths inch 
sheet steel, extending from forward end of cylinders to after ends of slides, 
turned up three inches on the side edges and rivetted Ul web of the beams, 

Key plates shall be bolted through beams and backed up by a flange piece 
liveitod to top of beams and at the intersection of lush chain braces and pillow 
block, the top and bottom shall be reinforced with a plate of steel one inch 
by aevui inches long enough to receive key plates, and ri veiled through the 
flanges, 

The beams shall rest on and fasten through a bed plate of live-sixteenths inch 
sheet steel, extending from their forward end to main transom und three inches 
outside of their flange projections, and have flanges turned up at side edges 
two inches. The beams -hall be rivetted through flanges, bed and deck plating, 
tln> whole lilted down light and the bed plate shall have drain pipes at forward 
end, leading under deck ami overboard. 
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A truss of three inches by three inches by one-fourth incli angles shall 
i»' placed to tho hull upon the keelson tinder each long cylinder beam from 

transom to forward end of cylinder beams and the machinery holt-* shall take 
hold of the lower chord of this trass with three-quarter inch by sis inch by 
six inch washer plates. In fastening down the beams and engines the holts 
shall be binding of iron and iron, or iron hound bolts, one and one-fourth inches 
diameter, connected below deck with swivel attachments and placed as required. 

All key and pillow block lioits near shaft shall extend through the beams and 
have heavy cast-iron washers between nuts of holts and beams. 

Levelling plates of steel shall lie ri vetted tu tup of short cylinder beams, 
miller the outer bed plates of cylinder- and slides, and long enough to receive 
key plates. 

Stern Potts, — There shall be two side stern posts and one false jio*( at 
the middle located as shown, to receive rudder irons. Each shall lie formed of 
ten inch channel bars, fifteen pounds per foot, and extend five feet, above deck 
and the side stem post- fifteen inches below transom, to which they shall be 
Connected by three inch by three inch by one-fourth inch angle clips, ami to 
rake plating by gusset plates nf one-fourth inch steel to form a small skee fa* 
the attachment of the lower rudder irons. 

Side plates of posts shall be one-fourth inch steel, ten inches wide, ri veiled 
to flanges of channels and to three inches by three inches by one-fourth inch 
angles on face of posts, and the plate* shall be connected by lateral bracing 
of one-fourth inch by two inches steel) and the intersection at the deck shall be 
stiffened and gusset plates of one-fourth inch si eel, extending twenty-lour inches 
in over deck and twenty-lour inches upon lace, and the top shall be stiffened by 
three inch by three inch by one-fourth inch angle braces. Twt chains of live- 
eighths inch round iron shall be connected to top by bauds of one-half inch by 
three inch iron with two lug attachments, and to deck plating by plates of 
three-fourths inch by six inches with eye attachments, and all with swjvel 

connections. Braces and chains shall bo sot fore and aft at on angle of 45" with 

the deck. There shall be four athwai'tship chains two connecting sides of centre 
post and one on each side post, all of the same sized iron and connected in the 
same manner as the forward chains. 

RutkUrt. -There shall be two balance rudders, with stocks of lap 
welded steel tubing, nine iuclics outside diameter, metal one-bull' inch thick, and 
the blades of white oak three inches thick, the slock of each rudder extending 
seven and one-half feet above deck, well secured to posts each with three sets 
of rudder irons and pins one and one-eighth inches diameter, and each -toek 
shall he encircled by otic iron plate three-fourths inch by ten inches bolted to it 
to receive the tiller arm. The rudder stocks dial I be slotted to receive the 
blades and the corners of the -lots -hull be rounded. 

Two iron plates, three-fourths inch by nine inches shall encircle and DO 
ri vetted to stocks, and he bulled on each side of each blade below lower rudder 
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irons, nil J one plate of three-fourths inch by seven inches shall encircle and 
be rivetted to the stock and bolted to the blades above lower rudder iron. The 
lower face of blades shall have a four-inch by (bar-inch by one-fourth inch 
angle bar, each side bolted through blade, ami the top and bottom edges of blades 
shall be protected by a hand of iron one-fourth inch by three inches well fastened 
and each rudder shall have wrought-! roil bumper.s constructed as required. 

Tillers.— The centre tiller shall be thirteen feet and iho side tillers each 
night, and one-half feel total lengths, all of steel, the side tillers connected to 
stocks six inches from their I ops and the centre tiller shall be hinged to a false 
stern post. I']acb tiller shall be made of four three-inch by three inch by one- 
fourth inch angles, with one-fourth inch steel plates for webs, well rivetted and 
bolted to the iron plate on the head of stock, and stiffened on the top and bottom 
sides with lateral braces of one-fourth inch by two inches iron, and one-fourth inch 
plated on top and bottom sides at intersections of rudder stocks tiller and coupling 
connections and end of tiller, and with tiller couplings of live-inch I beams nine 
and three-fourths pounds per foot, constructed ami connected in a manner approved 
by the Engineer Officer in charge. The forward end of centre tiller shall be 
supported by a sheave six inches diameter running upon a circular track of 
three-fourths inch by two and oue-lialf inches iron hung from the earlines, and 
the after end pivoted on a pin two and one-half inches diameter, forged to it 
rudder iron at the top of centre stern post. 

There shall lie a box around each rudder stock extending four feet above 
deck, twenty-three inches by thirty-six inches built of one-fourth inch steel plates 
and two-inch by two-inch by one-fourth inch angles bolted to bulkhead which will 
form one side of the box. The boxes shall be made water-tight 

Chain ttrarrx. — The chain braces shall be of whit* pine, main side, wheel, 
hog and relief chains six incite*, by >ix inches and wing and back lash chains 
live inches by five inches. All except the wheel chain and hack lasb braces shall 
heel in shoes made of three inches by three inches by live-sixteenths inch angle 
iron, located as shown rivetted to deck plating, which shall be reinforced by 
rivetting one-half inch steal plates on under side of it. The heads of all braces 
shall be protected liv easi-irou chairs shouldered down on them. Wheel chain 
braces shall heel in east-iron sockets resting upon the cylinder beams vertically 
over the main transom, and the back lash braces shall heel on cast-iron sockets 
fastened to the cylinder beams. The deck shall be reinforced under the heels of 
all chain braces by a lilling of cedar between the deck beams and by a plate under 
beams, and all supported by bracing as shown. 

Chain*. There shall be one main ho" chain of one and one-fourth inches 
round iron taking hold forward on mum keelson bulkhead under alter end 01 
boiler, and aft at frame No. 63, with two side brunch chains taking hold on the 
same frame under the long cylinder beams. Each of these chains shall be 
secured to the longitudinal bulkhead by moan., of two steel straps three and 
one-half im-hes by three-eighths inch extending diagonally across the bulkhead 

n 
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and (irmly rivctted to the W«b and flange angles of the same. The ends of the 
chains shall fasten to those straps by a one and one-half [tush pin just above deck, 

There shall be two side chains of one and one-fourth inch round iron. 
each taking hold forward at cross bulkhead No, 1 and aft at the main transom 
under the long cylinder beams. There shall be one relief chain each side, of 
one and one-fourth inch round iron taking bold under the heel* of side 
chain braces. 

There shall be ono wheel chain each side of on€ and one-fourth iooh 
round iron taking bold at a point under the engine cylinders, [Missing owr 
ilu> bead of wheel chain brace connecting at that point with back (swh brace 
chains of same sue iron, leading alt and connecting to cylinder beams forward 
and aft of wheel shaft . 

There shall be three sets of wing chains of one inch round iron each 
taking hold at the Outside keelson stroke and heeling on the centre bulkhead »ur) 
located us shown. There shall be ft chain each side of one and one-fourth inch 
diameter, leading forward from head of wheel chain braces anil connecting with 
main side chains. 

All chains shall be of the best charcoal iron, with swivel connection.*, as 

reijoired and shown on drawings. 

Nosing. — The itu-ing shall be of oak live inches thick by seven inches 
wide, and on the sides shall be incased between the gunwale angle and a 

three-inch by three inch by one-fourth inch angle, rivctted to side along the 
straight body vi' the hull, extending from after cud of faiitails to intersection 

with head block channel where il shall he two and one-half inches thick. It 

diall be hoi ted through [dating and channels with three-fourths inch screw holts 

with beads well let down into nosing !tt )d the openings plugged, A layer of 
hair felt OBO-fourth inch thick laid in red lead shall be placed behind the nosing 
upon its full length. The nosing dull be protected eight feet each way from 
each OOrneT of the forecastle guard by a plate of .steel one-fourth inch by 
six inches. 

Gunwale angles. — There shall bo two gunwale angles three inches by three 
inches by three-eighths inch rivalled to the upper edge of the plating, one on 
each side from the stem to frame No. ill. The deck plating shall be rivctted to 
the gunwale angle and deck beams, 

flatcfut. — The hull shall have two batches to each water-tight compartment 
and all others reijuircd, each with Suitable coamings, gratings, covers, rings and 
ladders ; and each water-tight compartment shall be furnished with three-Ineh 
syphon, for which the discbarge pipes >hall be attached to outside plating by 
flanges and bolts; each furnished with a steam valve placed so as to be easily 
access! hie from deck, 

MACHINERY AND BOILER. 

ICiiitincs, — There shall be two main engines of the conventional poppet, 
balanc e d valve type with expansion joints in *id<' nipoi, with "California" or other 
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inside connected adjustable cut-off and shifting gear placed and connected with cross 
shafts either on or under deck as required; all of a pattern approved by ihe Engineer 
officer in charge, The cylinder for each mam engine shall be twelve inches 
diameter by five Feet stroke, steam valves four inches, exhaust valves four and 
one-half inches, [listen rod three and one-half inche; diameters respectively. The 
packing for piston rods an 1 eyltnd"!'- shall be »mi metd tilled with babbitt) 
diagonal in form, and that I'ar cylinders set with elliptical springs. Main ami 
nil other engines shall be Complete in every particular and shall be built to 
work satisfactorily with any desired steam pressure not exceeding two hundred 
pounds per square inch above atmosphere, Alt east-iron used in the construction 
of machinery shall be of the best quality, clean and close grained and shall have a 
tensile strength of not less than twenty thousand pounds per square inch, and all 
castings shall be free from blow botes, shrink cavities, contract ion cracks, slag, 
ktsh, shot, dirt, cinders, blisters, cold shuts and all other defects, 

Pitman*, — The pitnmns shall be twenty feet long : the brasses at each cud bored 
three and one-half inches diameter for bearings four and one-half inches long : 
the body of |iil man shall be of clear white pine in two pieces, tree of heart ; 
the depth at middle shall be twelve inches deep inside of straps and eight 
indies thick. Pitman straps shall be of best charcoal iron, three and one-half 
inches wide and three-fourths inch thick, at centre of pitman increasing in 
thickness to ward the cuds until the straps meet to form jaws to receive brasses. 
The straps shall be bolted with screw holts one-inch diameter about twelve 
inches between centres. The e.ili- shall be of beM forged steel. Tee-heads 
shall be of steel castings with adjustable jaw- and wrist, pins on cranks and 
tee-heads shall be three and one-half inches diameter and shall be of best Forged 
steel and all annealed. The slides shall be of cast-iron and rest on cast-iron bed 
plates. 

Holler. — There shall be one boiler forty-two inches in diameter, twenty- 
four i'vrl long willi four flues of winch the two upper shall be of eleven 
inches and the two lower shall be nine and one-half inches outside diameter, 
with steam drum, mud drums man- holes, hand holes, ywlves, pipes and con- 
nections. All connections with boilers, drams or pipes shall be made by flanges 
with compensation for all openings Bs required. The forward mud drum shall 
be nineteen inches diameter, and the after mud drum sixteen inches diameter, 
each four feet Ion". The steam drum shall be twenty-five inches diameter by 
hs feet long and connected to boiler by a leg twelve [ftohflfl diameter and ten 
inches long of seven-sixteenths inch steel plate with a man-hole in one end of 
drum elliptical in form with diameters tell inches and till ecu inches respectively, 
with a wroughl-iron ring ihree-fonrths inch by two and one-ball' inches rivet ted 
around man-hole, and rivet heads countersunk. The boiler shall ho provided with 

a three-inch pop safety valve. 

There shall be a man-hole in ihe boiler head above back connection, of same 
Ske and I'orm as thai in steam drum, ami a band hole of similar form, willi 
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diameters four inches and seven inches respectively, in the head of the boiler 
under the breech connections ; there shall also he hand holes in each end of both 
mud drum.*, each with diameters six and one-half inches by nine inches, and a 
two-inch check valve of approved pattern, and a "Lunfeenheiaier" gate valve 
connected to after inn I ilnim, each with valve and seat of hard brass, All man 
and hand holes shall have suitable arches and rovers. 

Each mud drain shall have one mud valve connected at end of drum on the 
liii torn, and blow off pipes' one and one-half inches diameter leading over-board 
under deck with two valves for each pipe, one a glove valve and the other a mud 
Valve with hollow stems one and one-half inches diameter. 

The boiler front shall be of CftSt-iron thirty-eight inches high under shell and 
provided with fire liners nine inches deep, with ash pit, lire and poker hole doors, 
and bearers for slashing bar*, (irate bar- -ball be four feet eight inches long 
over all willi four feet of open bar, Breadth of grate be I ween furnace walls. 
fifty-two inches. 

A hole four and one-half inches diameter shall be cat in forward end of steam 
drum for steam pipe connections. The boiler head shall be eleven-sixteenths 
inch flange steel : shells, flues, steam ami mud drums thirty one-htmdredths inch 
thick, of best Marine steel, Sixty -five thousand pounds tensile strength. The legs 
of mud drums shall be seven-sixteenths inch thick and eight inches diameter ; 
rivets five-eighths inch diameter spaced not more than two inches between centres. 
Tile longitudinal seams shall he double ri vetted and no longitudinal seam shall he 
in fire spae.i. Width of shell sheets shall be fifty inches. Height of grate above 
ash pan shall be twenty inches. Opening to back connection shall be eight inches 
sipiare closed with suitable door. 

The boiler shall rest upon two boiler stands made up of plates and angles, 
seventy-eight inches long and located as shown. 

Steam drum shall he double rivet led and nind drums single rivclted, located 
as shown on drawing. Casing of fire bed, breeching, fine caps, chimney casing, 
and smoke stacks shall i>» of No. 12, A. W. (J. sheet steel. 

Smoke stack- shall be twenty-four inches diameter, twenty-five feet high 
above grade. AM boiler work must be done in accordance with best modern 

practice including Stays, and in every particular to meet the requirements of law 
for a safe working pressure of one hundred and eighty-six pounds per square inch 
above atmosphere mid shall withstand, without, injury, a hydraulic pressure of two 
hundred and seventy-nine pounds per square inch. 

The ash pan and chute shall be of one-fourth inch sheet steel of the 
dimension .dioun on drawing and covered with the best -plit fire-brick one and one- 
fourth inches thick, laid in best Portland Cement, 

Bridge wall, fire bet), back and side walls, shall he built of the best fire brick, 
laid in lire clay, and the whole inclosed in a frame of No. I '2, A. W. Gf. sheet steel, 
the scams rivclted and stayed with angle bars, fastened to boiler, and th« lire bed 
supported by cross bars and .stands as required. The space between the boiler and 
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back and siik- walls and top of bridge wall shall tic covered with tho host tiling two 
and one-li;ili' inehes thick. The furnace shall he constructed of the best [ire brick 
laid in lire clay. Its depth under shell of boiler shall be sixteen inches on top of 
grate bars, arranged to raise or lower a variation of four inches. 

Fi'i-d pumps and htater, — There shall he one Worthington duplex, outside 
packed boiler feed pump with a capacity of twelve gallons per minute at not 
more than thirty strokes and of a pattern approved by the Engineer Officer in 
charge. 

There shall be a heater famished with coils necessary to make its capacity 
sufficient to supply feed water at a temperature of not less than one hundred and 
eighty-five degrees Fahrenheit, of pattern approved by the Engineer OfKcer 
io charge. 

Deck pump. — There shall be one deck pump known us a horizontal 
double acting "Challenge" force pump No. IS, with cylinders five inches dia- 
uiclor, and connected with boiler feed pipe through a one and one-half inch gate 
valve. 

Si,, i,ii pip,- on-/ jlttruti*. — Tile main steam pipe shall he four and one- 
half inches diameter, connected at steam drum with a four and one-half 
inch high pressure gale valve of " Lnnkenheiinej* " pattern, two branch pipes 
each three and one-half inehes diameter, and one throttle valve on throttle 
carriago in customary place. The throttle valve shall be reinforced for 
steam connections tor teed pump and deck pump and for anv other steam 
connection that may lie required. Exhaust pipes shall bo six inehes diameter 
from engines to heater ; thence to chimney through an Bight inch pipe with 
;i butterfly valve eight inches diameter, to after end of boiler and from that 
in lint sis inches diameter, terminating in chimney with a three-inch nozzle 
of throe-sixteenths flange steel. There shall lie an exhaunt pipe eight inches 
diameter, from heater to roof, and two five-Inch diameter from heater to 
wheel all through butterfly valves. All exhaust pipes shall bo of tap welded 
steel boilet tubing of standard thickness and put up with wrought-iron flange 

couplings. 

The supply -hall became.! through the eight inch exhaust, pipe by a two-inch 
pipe from heater to after end of boiler where it will branch down and connect 

All Biting*, steam. eshaiM and drain, lor teed water, blow out, etc., shall be 
as required, and in the main, flange coupling*, or where (hose are not smtable, 
brass couplings will he required. An automatic drop sight odor w.ll be required 
for the f.,,1, and ordinary oilers for all other place* where required: and automatic 
drain cocks for cylinders. 

All valves, couplings, oilers, bells, fe, shall he of pattern approved by the 

Engineer Officer in charge. 

Two -learn gauges shall he furnished, one fourteen inches and ono twelve 

inehes diameter. 
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Biiihr ami f>>j«' coverings. — The boilers, steam pipes, exhaust, pipes, heaters 
and 'steam dram shall In? covered with the best quality of magnesia covering 

and approver! hy the Engineer Officer in charge, 

Stmm mmtant. — There shall he two steam capstans, each complete, with 
double cylinders, reversing engines, bed plate, crank and counter shafts, pawl 
bed, and all of the necessary gearing, boxes, &e. All of a pa Hern approverl 
by the Engineer Officer in charge, and properly set up. The two cylinders 
each shall he live inches diameter by ten inches stroke, with common slide 
valves, set side hy side with steam chests facing each other, about twenty-six 
inches between centres of cylinders, on upright east-iron bed plates, in two 
pieces nine and one-halt feet over all in length, with a one-inch hy six inches 
cross plate at the top, ami brackets at the bottom to support the crank shaft. 
and the plates boiled to five inches liy twelve inches white pine, free of heart, 
dear ami seasoned, and extending from bottom of hull to under side of roof tine. 

Tlie crank shaft shall be of steel three and one-half inches diameter, about 
five feet nine inches long, with the cranks near the after end, a pinion seven 
inches diameter near the forward end ami a counter balance wheel thirty inches 
diameter, weighing about three hundred pounds, between the cranks and pinion. 

The counter shaft shall be of steel three and one-half inches diameter, about 
three feet six inches long, with a spur wheel on the after end about twenty-eight 
indies diameter gearing into the crank shaft pinion, and a bevelled pinion on the 
forward end gearing into the under side of the crown wheel on the spindle, hut 
sliding loose on a key and held hy a heavy collar with a set screw. 

The crank shaft shall have four hoses, one at each end. one between 
cranks, and one between fly-wheel and forward pinion. The counter shaft with 
one box near each end, all extra heavy, five inches wide, well babbitted, finch having 
jam nuts, and lubricating openings of ample size in each cover. 

The spindle shall he of steel about five feet six incites long, live indies 
diameter from the paw] bed to under >ide of crown wheel, about twenty-four 
inches below the deck, and tapered to three and one-half inches diameter at the 
ends, extending forty-two indies above deck, and down through adjustable hron/.e 
boxes, flush with top of pawl bed, and through the crown wheel in the hold into 
a heavy cast-iron step, fastened with four bolts three-fourths inch diameter, and 
steel collar two inches by one-inch with three-fourths inch set screws fitted on the 
spindle, under the deck and under the crown wheel. 

Pawl bed shall lie of cast-iron one Inch thick, twenty-eight inches diameter 
with three-fourths inch slops. 

The gearings shall all lie of steel castings KBiA so arranged that the barrel 
will make one revolution for sixteen full strokes of the engines. 

The barrel shall he double the top set forty-two inches almvc the deck, 
twenty inches outside diameter at the head, eighteen and one-half inches at the 
top whelp plate, and twenty-four and one-half indies outside the lower hand and 
made of dear seasoned black locu-t. 
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The head shall tie live inches thick, east with three- fourth.- inch hull* round 
overhanging bead at top, and with six 1'oar-inck square openings for capstan tars, 
and fastened to the spindle with three-fourths inch square key with a gib head. 
Top whelp plates shall lie eighteen and one-half inches diameter, three inches 
thick, cast with six hovelled recesses three inches by four and one-half inches to 
receive the tops of whelps, and the plate secured to the head hv one and one-fourth 
inch steel pins. Lower wln-lp plate diall he iweufY-foiir and one-haif inches 
diameter, foot inches thick, and cast with six hovelled recesses three inches bv 
three and ouediaU' inches for hull uin of whelps, and three iron bonds to mviii'c 
wood filling, one for the top three-eighth* inch by two inches l>v seventeen and 
three-fourths inches inside ilianieier, one for the ini'ldle. ouu and one-half inches 
half round, nineteen and one-half inches inside diameter, and one for the bottom 
one-half inch by twenty-three and one- half inehes inside diameter, the whole 
constructed in an approved manner. 

W'ltm-L— The shaft shall he of steel sixty-five thousand pounds tensile strength, 
hexagonal in form with seven inches inscribed diameter and forged in one piece 
and annealed, I 'ranks shall he of .-.tee] of tile same tensile .strength as shaft, 
and of pattern approved hv the Engineer Officer in charge. There shall he 
four flanges of steel eastings cast with sockets and lugs for eleven wheel arms. 
The journal mid quarter hoxes shall he of phosphor-bronze, well babbitted. The 
pillow blocks shall lie of best cast-iron of a pattern approved by the Engineer 
Officer in charge. 

Wheel arms shall he two incites by four inches at sockets, and two inehes ley 
eight inches at ends. Circle braces two inehes hv five inches. Buckets in two 
widths, each fourteen inches by seventeen feet long and one and one-half inches 
thick. Battens six inches by one and one-half inches. Arms, hraces, buckets 
and battens all of seasoned white oak free from heart, and all defects. 

Each flange shall have two iron circles three-sixteenths inch thick by four 
inches wide. 

Wheel shall be balanced as required. 

DECK SOUSE; 

Material.— All of the lumber used in the construction shall he clear and 
thoroughly seasoned, dressed both sides and edges and of (he lisses specified after 
having heen dressed. The lougued and grooved lumber for the sides shall he 
headed on hoth sides and for the root's on one side. 

Dinn'iis'i'itta mitt arraiiih'ineids. — The deck 00046 shall lie eighty-nine feet from 
forward end of pilot house to splash bulkhead, nine feet high to top of main 
clamps, twenty-four feet wide at bottom line at forward end and continue the same 
width to splash luilkhead, and to have a tumble of two and one-half inches on each 
side and a ciuwn of four inches, 

The lower deck arrangement shall he as follows: — Forecastle thirteen feet : 
lire room ten fed : boiler room thirtv-eiirln feet : deck room twelve feet : and 
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engine room twenty-nine feet. The tin - ' room, boiler room, deck room mid engine 
room enclosed by bulkheads us shown. 

Construction.— 1h& Ilia in clumps of tin* deck house shall Ive <m<- and one-half 
inches by ten inches white [tine and extend the lull length of sides. Skylight and 
pilot home clamps shall he one and one-eighth inches In ei-hr inches while pine. 

Main stanchion* shall be ill* i>:ik liiiir inches by tour inches tit ti*p and 
four inches t.y -is inches at hniium, eleven on pact side and spaced :1s shown, top 
shall extend ti'ii inches above the roof and be worked us a timber head, the bottom 
shall lie connected to deck [dating with n gusset plate of live-sixteenths inch 
sheet steel, flanged to rivet to the deck, extending twelve inches in and twenty- 
four inches up on side of stanchions; 

Tlif corners of muin stanchions that intersect gusset plates shall have a three- 
inch by three inch by one-fourth imdi angle rivet-ted to gusset plate and extending 
up to the under side of the main clamp, an 1 stanchions bolted to gusset [date with 
one-half inch screw holts. 

Each main stanchion to have a swinging fender of oak six inches )■<• eight 
inches properly hung. 

Curline- of deek house frame shall be one and one-eighth inches by five inches 
white pine, let in Hush with top of clamps and flash with face of main stanchions, 
and all spaced twenty inches between centres with a crown to conform to main 
deck. t'arlines for skylight and pilot house roof shall be one inch by four inches 
wdiite pine, let in flush with tops of clamps mid shall have a crown of two inches 
for the skylight root' and three and one-half inches for the pilot, house roof between 

clomps. 

Skylight shall be seventy-sis feet long extending forward from splash bulkhead 
thirty inches high, and seven and one-hall' feet between clamps, spaced into thirteen 
sash on each side for twelve inches by sixteen inches lights of glass sash shall 
be one and one-eighth inches thick, hung at the top, and provided with hooks and 
buttons. Skylight shall be supported by ridge poles of four inches by six inches 
yellow pine, bolted to tie (airlines of live-inch by three-inch by three-eighths inch 
angles, shaped to conform to crown of roof and rivflttcd to corner angles of main 
stanchions by moans Of me -fourth inch gusset plates. 

Thi' tire, boiler, deck and engine rooms shall be closed in on the sides and 
partitioned oil with bulkheads as shown on the dru wings, all constructed of 

seven-eighths inch white pine, matched with tongue and groove, beaded on one 

side and secret and double nailed at all bearings. The spaces between the main 
stanchions shall be tilled with one-inch by three-inch white pine stanchions sixteen 
and one-hall inches between centres, gained into a deck sill of three-inch by 
three-inch oak set one-ineh above deck plating and connected to main stanchions, 
Batten doors shall be made in the forward bulkhead of engine room on each side 
hung with heavy strap hinges nud sliding batten doors on each .side of engine 
room along the cylinders and slides, secured with hooks and eyes. Two large 
sliding batten doors shall be made in the bulkhead'" alongside of boiler room on 
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each side hong with bani door hangers ami located as shown. There shall he two 
batten doors in the cross bulkhead ai afi. end of pilot house, one on each -; i « I *_- bang 
with heavy strap binges. The bulkheads alongside of boiler room shall farther 
have batten doors sixteen inches wide fenng with heavy strap hinges five inohea 
below the carltna the full length tit' the boiler room on ouch aide. 

The deck room shall have* two doors with the lower parts paneled an J the 
upper parts six lights of glass. 

The splash bulkhead shall ho of one iueh white pine, matched with tongue 
ami groove, secret and doable nailed to two inch by four inch white pine stringers 
and to tilling of false transom, ami shall extend from top of skylight roof to 
under edge of false transom, ami shall have two funtail doors. 

Two coal I milkers three feet wide by fourteen feet long by six* feet high, shall 
be built iii the boiler room, one on each side of the boiler, located as shown. 

I'/lnt House. — The pilot house shall he eleven feet wide by ten feet long, and 
seven feci high in the dear inside above the level of cabin roof, boxed in at 
forward end far pilot wheel ; corner stanchions four inches by lour inches oak 
extending from deck to roof and secured to the deck plating in the jnwe manner as 
main sianchiun-. Sides and front of pilot house shall be closed hi with seven- 
I'lghths inch white pine, matched With tongue and groove, beaded one side for the 
lower pari down to main deck and the upper part shall be framed for three sliding 
sash, on each side and rear, of four lights of glass -"'Venteen inches by twenty-four 
inches, Sash shall be one and three-eighths inches thick, aud slide on a table of 
oak, with oak parting strips between, at top and bottom, each sash to have rollers to 
slide on. The front, of pilot house shall have folding sight shades, properly 
hung. 

A sash door one and three-eighths inches thick, six feet high and upper part 
six lights of glass, shall bo placed at ihe after port corner of house near the head 
of stairs lending down to the forecastle deck as shown, 

Pilai H7i,W.— The pilot wheel ^hall be nine feet in diameter over the spokes 
and hung with approved anti-friction bearings. 

Rooft,— The roofs of pilot house, skylight and deck house, shall bo laid 
with seven-eighths inch white pine, matched with tongue and groove, beaded oue 
side, secret and double nailed to all bearings and covered with L*. S. Standard 
twelve ounce canvas, twenty-nine inches wide, well lapped and well tacked on the 
edges with ten ounce tacks" and ail painted throe coats of yellow ochre and white 
lead ground in boiled Unseed oil (about four pounds of lead to the gallon) and 
sanded with good sharp sand of tine grain. 

Kmd" projections shall be finished off with facing, nosing and waterway. 
Nosing and facing for skylight and pilot house shall he seven-eighths inch by four 
inches white pine. Pacing for deck house roof shall be one inch by five inches 
oak, scarfed together with twenty-four inch scarfs. The nosing for deck house roof 
-hall be four and one-half inches by seven-eighths inch oak and scarfed the same as 
the facing, and the waterway shall be of white pine seven-eighth inch by two and 
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one-half iiuhes. The pilot house roof shall project twelve inches, skylight roof 
eight inches, and deck house roof shall he Hush with main stanchions, 

Spovtt and Snippers.— The spouts and scuppers shall be of No. i^ galvanized 
iron. There shall he two down spouts, two and one-half inches in diameter, one 
at each corner of after side of pilot house roof, leading down to main deck house 
roof; four on each side, of skylight leading down to roof, of the same size. Deck 
house roof shall he supplied with six swinging scuppers, each three inches in 
diameter, on each side to throw overboard. 

MISCELLANEOUS. 

Equipment Engine lf»>m. — Tin* engine room shall be equipped with all of 
the foot boxes, lockers, vise benches, speaking tubes, hells and gongs required, all 

of approved patterns and designs. An alarm whistle for engine room and :i 
whistle of approved pattern for the pilot bouse, shall be provided and set op. 

There shall he furnished a tiller rope of live-eighths inch wire cable, property 
hung with antifriction sheaves and fair leaders as may be approved, 

A water elusei shall be built in the engine room against splash bulkhead a- 
shown, and furnished with a sixteen inch tube down through rake plating, well 
secured and the connection made thoroughly watertight. 

PiihitiiKj. — The hull, machinery, deek house, skylight, and pilot house shall 
be painted inside and out, four coats of paint of pure white lead and boiled 
linseed oil, in colours as may be selected, ami the front and sides of pilot house 
and the sides of engine room and splash bulkhead be lettered as may he directed. 

All of the work must he done in the most workmanlike manner, 

j3t, Louts, Mo., (Signed) THOS, II. HAXDBURY, 

December Htlt, lo*9i<. Major, Corpt of Enpmwt, U.S.A. 



APPENDIX F. 

Luu uk m& U. S. si'kamkii inSSISSIPJPI—lmpwanos Tun* rw the 

Commission nujji Sx. Louts, Mo., to New Orleans, La., 

DuCEJMiKK '6iw to December 13th, 18tfS, 



Saturday, December 3nl, 181)8. 

All of tlio members oi' the Commission and the Secretary, together with 
Captain H. 0. Newcomer, Corps of Engineers, Mr. E. ¥. Dawson, Executive 
Engineer, Public Works Department of Bombay Presidency, India, and U. S. 
Assistant Eugmeec l<\ B. Mnllby, boarded the steamer MittUdppi at St. Louis 
Mo, (191 U.) at. LO a.m., December 3rd, 1»;>< S . 

The steamer Jlissisnippi, Grant Marsh, muster, Anthony Burbarh ami ,J, \y*. 
Rcilfrow, pilots, left St. Loms a I 11 -.1 A.M. 

Passed Cheater* III. (Ufi L.) at 5 p.*. 

Reached Grand Tower, III. (So L.) at fcj P.H, and took on 20 tons coal from 
Big Muddy Coal Co. Left at 9*80 PJi. 
Caugc Readings : St, Louis, 4£ l\ 

Chester, 3 F. 

Grant Tower, 6 F. 

Soundings : Arsenal Inland 

I Juaraiiliuo ... ... 

Merramcc Islam! ... 

Sulphur Spring* ... 

Hill I'iaiiLlvillt' ,., 

trvstalCitv 

Michaels Hollow 

Dan by s ... ,„ ... 

Ames Tow head ... •■• 

Dickyfiold 

Cambria Hulluw 

Sic. Genevieve lalitnii ••• ■ 

l''oui of Sie. Genevieve Bend 

Mi tilth Okaw Hivtr... 

Kiirikiiiikia • •• •■« ■ 

CraiiiM Island ■■• •■• ■ 

Kiik.H ... ... ■■• ■ 

Liberty bland 
76Towhead 
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Sunday, fA'ceml't'r ■!///, \S'JS. 

Passed Cftpe Girardeau, Mo. (54 li.) at 12-30 a.m. Landed :it Burn ban is 
Island (40) at 2 a.m. Weather stormy. Left at 6 A.M. Arrived at Cairo at 
!>-4U a.m. Touk on 300 bushels of eo'al from Cairo City Oral Co. Left at 
VI noon. Captain Window joined the bout at Cairo. Passed Belmont, Mo. ('2111.) 
at 1-30 I'.m. Arrived at New Madrid, Mo. (71 It.} at 6 P.V. Left at 7-45 r.M. 
Arrived at Point Pleasant, Mo. (80 It.) ut 8-30 P.M., where 700 bushels of coal 
were taken on board from steamer FrislJf. Left at 12 midnight, A delega- 
tion of citizens from New Madrid appeared before the Commission. Twenty-lb ur 
boars' run, 200 miles. 

Gauge Headings": Cape Girardeau. 7 V. 

I 'aim, U\ F. 

Belmont, 13$ F. 

New Madrid, II F, 

SuinnliiiRS ; Tower Island 

Craw ford a ... 

Tea Table 

i tail i bridge 

Davidsons 

Head of Devils Island 

Foot of Jacket Pattern ,,. 

Philadelphia Point... 

Bnf&lo Island 

Brooks Point ... 

Orient Field 

Thompsons ,,, 

Scudder Tow head 

Flurriiane Field 

Eliza FAntit 

i'iiu'ci Point M. 

Point Pleasant 

Monday, December 5th, 1#'J8. 
Returned io New Madrid, Mo. (171 B.), arriving at 1-15 a.m. Left at 
7-30 a. m. Weather clear and cold. Arrived at the L*. 8. dredge Eptllon at 
8-30 a.m. Left til 10 a.m. Passed Qayoso, Mo. (106 U.) at 11 A.M. 'IV 
Commission inspected the revetment work along the river front of New Madrid, 
Mo, (71 R.). Mr. Matt anil Davis, of Point Pleasant, Mo., appeared before Hie 
I 'onnnis.sion. Landed at ( 'nnitheriville, Mo. (110 It.) at 11-30 A.M., where the 
Commission inspected the mattress work at this point. Twenty-1'onr hosts' run 
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1n;j miles. Left at 12-30 noon. Passed Cottonwood Point, Mo. (123 11.) at 
2-HH r.M. Passed Fulton, Teiin, (175 L.) at 7 r.M. Arrived at We.-t Memphis 
(232 R.) fleet at 12 midnight. Took on 520 bushels coal 1'rom barge No, 42. 
At 4-4/i r.M. the Commission inspected the various works along Plum Point 
I (each. 

Gauge Headings i Cottonwood Point. \)\ F. 
Fnllon, J I) F. 

Soundings: Lazelles ... 

Cherokee ... ... • 

Kute Aulivv Tuwlirail ... 

[Bland No. 84 . . 

Presidents Island ... . 

'/'iieft/oy. iltri-mlier ti'A. iMS).^. 

Left tl»' Government Beet, West Memphis, Ark. (232 It.) at « a.m. 
Landed at Mound City Ferry at 7 a.m. Tin* Commission inspected toe work 
along Hopefield Bend and then landed nl Memphis, Teom (230 L.) where the 
revetment work was inspected. Mr. J I. N. Pharr, Chief Engineer of the Lower 
St. Francis Levee District, appeared before rhi- Commission. Jadge Taylor 
left the boat at. Memphis, Captain Jervey, Corps of Engineers, Major Richardson, 
Chief Slate Engines* Of Louisiana, and Mr. C. H. Purvis, Chief Engineer, Cotton 
Belt Levee District, joined the boat at Memphis. Left Memphis at 10 a.m., 
landed and inspected the Government ttwt at West Memphis. Twenty-font 
hours' run. 125 miles. Passed Mhoons Landing, Miss. (277 L.) at 3 r.M. 
Arrived at Helena, Ark. (806 H ) at & r.M., where the Commission inspected the 
work along (be river front. Took on 250 bushels coal from J. A. Tappan, Left 
itt8p» Passed Sunflower Landing, Miss. (858 L.) at 11-30 r.M. No Bulletin. 
Captain Wilislow and Mr. Purvis left the boat at Lacoaia, Ark. (874 R). 

Gauge readings : Memphis, BJ F. 

Mhoons Landing, 7; I". 

Helena, U F. 

WrUiirtt/fi. Divttmber It ft, JJSlts. 

krrtved al Arkansas City, Ark. (488 K.) at 6 a.m. Judge Pindatl. Mr. 
Umhkin and Mr Parker, President, Tensas Basin Levee Board, tame aboard 
.,,,,1 .,ddre>s ( ,l th- Commission. Took on L85 bushels eoal from the Pittsburg 
(toal Co. Left at 8 a.m. Arrived at Greenville, Miss. (47s L.) at IL a.m. 
left at 12 15 t'M Twentv-ioar hour-' ran, 24* miles. Passed Lake Pro- 
vidence. U (542 It) at 5-15 «'■«■ Arrived !>i VUu *| ,, » W ^ [®* **} 
.„ ,, ■■„ ,-m \nived al Delta Point at 10-80 r.H. look on 873 bushels 
wbI from Fentress and Cameron Coal Co, The (Commission inspected the work 
rJbDj Vsbbrouk Neck (446 L-). along *fae river front ol Grtettvilk, Mi«., the 
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work.'* along Luke Providence Reach, and I In* caving at tba bead of Luke Provi- 
dence revetment. Mr, West, Chief Engineer, Mississippi Levee Board, and Maj. 
Starling, U. S. Assistant Engineer, joined the boat at Greenville, Miss. 
Gauge Readings: Arkansas City, lb" F. 
Greenville, l$| F. 
Lake Providence, 121 F. 

Thursday, iM-ember 8, 1898. 

Returned to Vaokflborg, Miss., ;it 8 a.m. Capt. Newcomer left the bout 
at this point. Left VIcksburg, Mis.*., at 10-30 a.m. Twenty-four hours' run, 118 
miles. Passed St. Joseph, La. (tiili H,} at 3 p.m. Took on 3l2i bushels coal 
from Pittsburg Coal Co. Maj. J. H. Wilhird, Corps of Lugtueors, came on board. 
Mr. Kansdell appeared before the Commission. The ('om mission inspected the 
work of revetment at Delta Point, the caving which had occurred above (Ins work 
aod the site of proposed work. At 3-30 a.m., the t'luiiniission Itiuded and inspec- 
ted (lie caving bonk ai Kemps Bend and the new loop levee under course of 
construction. Arrived at Xutche/, Miss. (7l)n L.) ai li-3fl P.M. Mr. 11. !>. Douglas, 
I*. S. Assistant Engineer, joined the boat rvt Natchez, Miss. 
Gauge Headings : Vieksbtirg, 16 F. 
St Joseph, ISj F. 
Natchez, 17$ F. 

I-'riilaif, Jh-ivinber'J) 189$. 

Left Natchez. Miss., at (i a.m. Raining and cold. Proceeded to (iile- 
Bend ((]&!)) and inspected the caving bank and spur dikes, returning to Natchez, 
Miss., at 10 A.M. Mr. Douglas let! the boat. Pas-ed llutchius Landing, Mis-.. 
(7Ui L.) at 11 a.m. Twenty-four hours' run, 105 miles. Passed Fori Adam-. 
Miss., at $-15 p.m. Raining and freezing. Entered the mouth of lied River at 
3 p.m. and proceeded to Simmsport. La., where the -ill dams placed across tho 
Atihiifalaya were inspected by the Commission.. Mr, Woolev. I'. S. Assistant 
Engineer, came aboard and appeared before the Commission. Returned to the 
Mim$stpi>i and lauded at lied River Lauding, La. (7t>5 H.) at b' p.m. Left at 
7 p.m. Arrived at Baton Range, Li. (833 L.) at li midnight. 
Gauge Headings: Red [liver Landing, 17£F. 
Sarbrea Landing, 17 F. 
Baton Rouge, 7 1 V, 

Sdtitnlm/, iMrinltir 10, IW*. 

Took on 500 bushels coul from Wood-Bodley Uoal Co, Left Baton Rouge, 
Lii.. at 6-45 A.M. The Commission inspected the caving bunk just above Plaque- 
mine, La, (JS54 H.) and thru landed at 8-30 A.M. and inspected the work being 
done on the lock leading into Bayou Pkmiemiiie. Lett at V A.M. Passat! 
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Woodstock Landing, La. <>>7S It.) at 11 a.m. Twenty-four hours' con, 1>:J 
miles. Passed College Point, La. {'.HU L.) at I p.m. Landed at Judge Itoss' 
Plantation, 25 miles above Now Orleans. Passed Carrollton, La. (057 L.) at 
li p.m. Arrived at New Orleans, La. (9d4 L.) at 7-3U cm. 

Gauge Readings ; Plaijueniine, 7£ F. 
College Point, 51 8. 
Carrollton, 5£ F. 

Sunday, December II, 18U8. 
The Commission left tlie landing at New Orleans at !»--!') a.m., and visited the 
various works in the New Orleans Harbour, returning to the landing at i P.M. 
Took on 7,'i() bushels coal from \V. H. Urnwns'Snns. Col. Gillespie. Col. Stiekney, 
Maj, Handbnry, Maj, Harrod, and Capt. Jerrey left ilie boat at 7 cm. 

Bfywhty, December If, 1898. 

Left tlie landing at New Orleans, La., at o a.m., ami proceeded to the 
Jetties, landing al Pott Gad*, La. (1072) at 2-30 p.m. Lett si 8 p.m.. and 
landed a( Magnolia Plantation (1012 It.) at 0-8Q P.M. Fog. 

Tfiesda;/, December 13. 1898. 

Left Magnolia Plantation at 13 a.m. and landed at New Orleans, La., at 
1 \-'M) a.m. Mr. Marindin, Mr. OckerSoD, Mr. Dawson, Maj. Starling and the 
Secretary left tlie boat. 




U. S. Steamer MISSISSIPPI. Dec. J 898. 




U. S. Dredge EPSILON. Side view of Port Engine for Main Pump. July 17, J8«7. 



